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Hydrocotyle astatica is a prostrate perennial herb, wildly grown throughout 
India, in grassy places, more specially in the Southern parts, and in 
Ceylon. It is widely known as Brahmi Butt. 


In Sanskrit works as well as in the Indian Pharmacopoeia it has been 
described as a useful alterative tonic, in diseases of the Nervous System and 
Blood, and as local stimulent, in which capacity, it is more specially used 
externally and internally in syphilitic diseases. In some parts of India, it 
is taken for improving memory. In large doses, it acts as a stupefying 
narcotic, producing headache, giddiness, and with some people, a tendency 
to Coma. 

Regarding its chemical composition, Lepine of Pondechri! has done 
some work, which is preliminary in nature. He never undertook a thorough 
and systematic examination of the constituents of the plant, and even the 
account he gave of Vellarin—-his so-called ‘‘ Active Principle ’’—is vague 
and incomprehensible. Dr. Clements’ assertion,? that the active principle is 
a volatile oil, was also not borne out by Lepine. 

In view of the useful medicinal properties of the herb, and the scanty 
knowledge about its chemical constitutents, it seemed desirable to undertake 
a complete chemical examination of the constituents of the plant. 

Experimental. 

Preliminary examination of the constituents: tests for alkaloids.— 
25 gm. of the finely-powdered material were digested with Prollius’ solution 
for two hours and the mixture filtered. The filtrate was tested and found 
to contain no alkaloids. 

Again, 15 gm. of the ground material were mixed with 150 c.c. of a 
mixture of chloroform and ethyl ether (1:2), 5 c.c. of strong ammonia 
added, and the mixture shaken for two hours. Then 15 c.c. of water were 


- J.de Pharm., etc., de chemi, (3), 28, 46. 
2 Nau aux Remedes, 18th April, 1888. 
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added and the ammoniacal extract, after being acidified, was tested for 
alkaloids. All the alkaloidal reagents gave negative results. 


Extract with different solvents.—To get a general idea of the nature of 
the constituents of the herb, 25 gm. of finely-powdered material were 
extracted with light petroleum, ether, chloroform, ethyl acetate and alcohol 
successively for 24 hours. On distilling the solvents, the residues were dried, 
weighed and the following percentages of the extracts were obtained :— 








gm. % 

Petroleum Ether (low boiling) extracted 0-283 1-1 
Ethyl Ether em oe ” 0-188 0-7 
Chloroform ee 0-031 0-1 
Ethyl Acetate ais ne ae 0-169 0-6 
Ethyl Alcohol (95%) - ‘i a 1-440 5:7 
Total .. 2-111 8-2 











The petroleum ether extract, which was a green viscous mass, showed the 
presence of the fatty acids and unsaponifiable matter. The ethyl ether and 
chloroform extracts also showed the presence of a phytosterol. Ethyl 
acetate extract was viscous, and nothing definite could be obtained. Eihyl 
alcohol extract showed the presence of reducing sugars and tannin. 

Examination of the constituents of Hydrocotyle asiatica on a large scale— 
100 lbs. of the finely-ground material were thoroughly extracted with 
95 per cent. ethyl alcohol. The solvent was then distilled under diminished 
pressure, and the residue steam distilled. The distillate, on extraction with 
ether, gave a small amount of an essential oil, green in colour, and possessing a 
strong odour of the original herb. (It was reserved for further investiga- 
tion.) 

The residue, after being dried, was extracted in a special continuous 
extraction apparatus® successively with petroleum ether (70°-90°C.), ethyl 
ether, chloroform, ethyl acetate, and alcohol, and then the various extracts 
were subsequently examined. 

I. Petroleum Ether Extract.—The solvent was distilled, and the residue 
treated with ether. The ethereal extract was treated with ammonium 
carbonate, sodium carbonate and caustic soda successively, but nothing 





8 Described by Sando, Ind. Eng. Chem., 1924, 16, 1125. 
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definite could be obtained. After distilling off the solvent, the viscous 
residue was hydrolysed with alcoholic sodium hydroxide solution for 
12 hours. After removing alcohol, the residual alkaline solution was mixed 
with purified compressed filter-pulp, dried and extracted with ether, for 
48 hours, for the unsaponifiable matter. 


‘Examination of sapontfiable matter.—The soap was dissolved in water, 
and the fatty acids, liberated by the addition of an excess of (concentrated) HCI, 
were extracted with chloroform. The solvent was then distilled, and the 
dry residue (total fatty acids) amounted to (650 gm.). It was separated 
into saturated and unsaturated acids by Twitchells’ method.‘ 


Examination of the unsaturated fatty acids —The unsaturated fatty acids 
(260 gm.) were converted into their methyl esters in the usual way, and 
subjected to fractional distillation under reduced pressure. The chlorophyll, 
resinous material and other impurities were thus left behind, and the methyl 
esters of unsaturated fatty acids (82-94 gm.) distilled over in a fairly pure 
condition. The iodine values (Hanus) and saponification equivalents of the 
fractions, given in Table I, were determined by the usual methods: 




















TABLE I. 
| Mean Mol. wt. 
: Pressure Range of Distillate of acids from Todine 
Fraction in mm. Temp. in gm. saponification value 
| value 
I 5 Below 162° C. 5:46 239-4 60-8 
II te 162°—164° C,| 10-35 263-4 75-6 
III 6 172° —-174° C. 13-45 278 86-6 
IV 5 176°—178° C, 11-26 285 -5 99-09 
Vv 182°—184°C,| 12-10 288-1 117-8 
VI ve 184°—189° C.| 14-25 287 -9 126-4 
VII = 189°—195°C.| 16-07 289-2 135-6 

















The lower fractions, probably, consisted of decomposition products, and 
hence fractions V, VI and VII were selected for further investigation. 
Fractions V and VI together were saponified and then oxidised by cold 
alkaline permanganate solution. The total hydroxy acids, liberated after 
passing sulphur dioxide in the solution, were extracted first, with petroleum 
ether and then with ethyl ether. The petroleum extract was found to 
contain unoxidised acids and decomposition products. The ethyl ether 
extract, after two crystallisations from alcohol, gave an acid of melting 





* Ind. Eng. Chem., 1921, 13, 806. 
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point, 129°-130°C.. Mixed melting point with a pure specimen of dihydroxy- 
stearic acid was found unaltered. The ethyl ether-insoluble portion, after 
three crystallisations from alcohol, yielded tetra-hydroxy-stearic acid melting 


at 155°-158°C.. Its mean molecular weight determined by the usual method, 
was found to be 348-6. 


Bromination of the fraction VII was carried out according to the 
method, given in Lewkowitsch’s Chemical Technology, Vol. I (6th edition), 
page 585. The ether-insoluble portion yielded hexa-bromo-stearic acid, 
melting at 180°-181°C., and ether-soluble portion, tetra-bromo-stearic acid, 
melting at 113°-114°C. 


These results established the presence of oliec, linolic and linolinic acids 
in the plant. 

Examination of the saturated fatty acids.—The saturated fatty acids 
(250 gm.) were converted into their methyl esters in the usual manner, and 
subjected to fractional distillation under diminished pressure. The chloro- 
phyll and other impurities were left behind, and the methyl esters of 
saturated fatty acids (21-84 gm.) distilled over in a fairly pure condition. 
The saponification equivalents of the various fractions, obtained in the usual 
way, are given under Table II: 


TABLE II. 





| ] -_ 
Pressure | Range of | Mean Mol. wt. 


, | pos f sap. 
in mm. emp. ee 
value 


Fraction Distillate 
in gm. 


Acids 
isolated 





Below 161° C. 


| 270- A 
165° —170° C. | 
| 


277- A 
279 sd A 
282: 
283-05 
285: 
283 - 
293: 
290: 


172° —173° C. 
| 167° —170° C. 
| 170° — 

172° —175° C. 
| 175° —178° GC. 
| 178° —183° C. 

183° —189° C. 

189° —above 

200° C. 
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From the fraction X, which became solid on cooling, the acid was liberated 
in the usual manner, and on recrystallisation from alcohol, melted at 76°-77°C. 
Mixed melting point with a pure specimen of lignoceric acid was found 


undepressed. The acid obtained from the fractions A, melted at 50°-56°C., 


which on repeated fractional crystallisations ultimately melted at . 62 -5°C. 
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Its mixed melting point with Kahlbaum’s pure palmitic acid was not 
depressed. The acids obtained from the fractions B, melted at 62°--68°C., 
which on repeated fractional crystallisations melted at 69°-70°C. It was 
found identical with Kahlbaum’s pure stearic acid. From fractions C, melt- 
ing at 50°C. (with a long range), no definite acid could be isolated. These 
results established the presence of palmitic, stearic and lignoceric acids in 
the plant. 


Examination of wunsaponifiable matter—The unsaponifiable matter, 
examined by a method, identical with that described in the examination 
of the ether extract, was found to contain a substance, which ultimately 
melted at 137°-138°C. It was identified as sztosterol, by the common colour 
reactions, and its acetyl derivative. 

II. Examination of the ethyl ether extract.—It was dissolved in alcohol, 
and then treated with 1 per cent. hot alcoholic solution of digitonin. The 
resulting precipitate was refluxed with xylene for 20 hours, and then filtered. 
The filtrate on concentration yielded a white crystalline substance, which after 
several crystallisations melted at 137°-138°C. As it gave the common 
colour reactions of a phytosterol and yielded an Acetyl derivative, melting 
at 123°-124°C., it was evidently sitosterol. 

III. Examination of the chloroform extract.—Nothing definite could be 
obtained from the extracts of various alkaline solutions ; only the unsaponi- 
fiable matter was found to contain the phytosterol, melting at 137°-138°C. 


IV. Examination of ethyl acetate extract—From the brown viscid mass 
obtained, on distilling the solvent, no definite crystalline substance could 
be obtained. 


V. Examination of ethyl alcohol extract—Concentrated the extract, 
under diminished pressure, to dryness, and then treated with hot water. 
The water-insoluble portion yielded a green viscous mass, from which nothing 
definite could be obtained. The water-soluble portion was treated with 
lead acetate, and the precipitate tested for saponin, by the usual reactions. 
It was found absent. A portion of the filtrate, from the lead acetate preci- 
pitate, was examined for tannin by the usual colour reactions, and its 
presence confirmed. 


Another portion of the filtrate, from the lead acetate precipitate, was 
examined for glucose, in the usual way, and found to reduce Fehling’s 
solution. It yielded a glucosazone with phenyl-hydrazine. On recrystalli- 
sation from alcohol, osazone melted at 203°-204°C. undepressed by admix- 


ture with an authentic specimen. 
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Summary. 


The alcoholic extract of the plant has been found to contain the follow. 
ing compounds :— 

A green essential oil, oleic, linolic, linolinic, palmitic, stearic and ligno- 
ceric acids, sitosterol, tannin, glucose and a large amount of some resinous 


material. (A study of the green essential oil will form the subject of 
another communication.) 


The authors’ thanks are due to Dr. P. C. Guha, Dr. R. F. Hunter and 
Dr. R. D. Desai, for the keen interest they took in the present investigation, 
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Introduction. 


THE authors! (1933) have studied the reaction between nitric acid and tin 
under varying conditions of temperature, concentration of the acid and the 
amount of tin by estimating all the products formed during the reaction, 
both in the dissolved and in the gaseous state. It has been shown that 
during the reaction in addition to the formation of stannous and stannic 
salts, NH,OH, NH;, NO, N,O and N, are formed. Neither nitrous acid 
nor hydrazine were formed under the conditions studied. From the results 
it was pointed out that the variations in the stannic tin and the gaseous 
reduction products of the excess nitric acid go hand in hand ; likewise the 
variations of stannous tin and the reduction products of excess nitric acid 
in solution. The reduction of excess nitric acid was attributed to the 
nascent hydrogen produced by the solution of tin in nitric acid and it was 
also suggested that this nascent hydrogen may be of two different activities : 
the solution of tin to the stannic condition producing nascent hydrogen of 
one activity and its solution to stannous condition generating hydrogen of 
another activity. 

The formation of reduction products of nitric acid, when metals act on 
it, involves processes of reduction, dehydration and hydration. The factors 
governing these processes determine the nature and the amount of the 
reduction product. Bancroft? (1926) suggested that a study of the reduc- 
tion of nitric acid by metallic salts would shed a considerable amount of 
light on the mechanism of the reduction. With this point in view 
L. H. Milligan and G. R. Gillette? (1924) studied the reduction of nitric 
acid by salts such as FeSO,, SnCl,, TiCl;, etc. M. Coblens and Bernstein‘ 
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(1925) continued this work further by studying the combined effect of 
SnCl, and FeSO, on nitric acid and the possibility of reducing nitric oxide 
to ammonia by TiCl,, etc. B. C. Banarjee and N. R. Dhar5 (1922) studied 
the action of HNO, on metals in presence of catalysts and showed that 
certain catalysts such as FeSO,, Fe,(SO,), acted as accelerators, whilst 
KCIO, and KMnO, as retarders. F. H. Van Leent® (1899) had shown that 
elements, iron, aluminium and chromium act as catalysts during the reaction 
between nitric acid and tin and A. Quartaroli’? (1923) had shown that in 
presence of 4 per cent. urea, stannous nitrate is formed without the presence of 
an insoluble precipitate. Whitman and Russel (1925) found that the presence 
of oxygen favoured the attack of nitric acid by tin. C. C. Palit and 
N. R. Dhar® (1926) studied the effect of a large number of catalysts on the 
reaction between nitric acid and the metals, copper and mercury. On the 
strength of this exhaustive work they have attempted to explain the 
mechanism of the reaction between nitric acid and metals. 

In view of the previous work and the suggestions of Bancroft it appear- 
ed reasonable that an investigation of the effect of the addition of catalysts 
to the reaction between tin and nitric acid might facilitate our attempt 
towards its elucidation. This work was therefore undertaken. 


Experimental Procedure. 


The main outline of the work when catalysts were employed, was 
similar to the one described in our previous paper (loc. cit.). In brief 
the procedure was as follows :— 


Nitric acid of known concentration was introduced into the reaction 
flask graduated to 250 c.c. and kept in an electrically regulated water 
thermostat. A stream of carbon dioxide was bubbled through this, till all 
the space above it was occupied by the inert gas. A measured volume of 
the catalyst of known concentration was then added to the acid. This was 
followed by the immediate introduction of a weighed quantity of tin foil 
cut into smail bits. At the end of the reaction the solution thus obtained 
was diluted to 250 c.c., analysed qualitatively and a quantitative estimation 
of all the products was carried out by methods, already described in our 
previous paper (loc. cit.). The stannous tin was estimated by the iodine 
method of Lenssen as modified by Hallet!* (1916). The total tin in the 
mixture was estimated by weighing it as stannic oxide and from this the 
stannic tin was determined as the difference between the total and the 
stannous tin. Kjeldahl’s method was adopted for the estimation of ammo- 
nia with due precautions to overcome the interference of other substances.” 
Hydroxylamine was estimated by converting it into ammonia by the use 




















Reaction between Nitric Acid and Tin—I/ 117 


of titanium chloride.1° The nitrate was estimated by the oxidation of 
ferrous chloride. Slight modifications had to be introduced to avoid the 
interference of the catalysts in the estimations. No modifications were 
necessary in the volumetric estimation of stannous tin as the catalysts used 
were such that they did not vitiate the method. Special precautions had 
to be taken to eliminate the interference of catalysts in the gravimetric 
estimation of total tin. Sulphuric acid would interfere with the method by 
the formation of stannous sulphate. The difficulty was overcome by 
treating the mixture with concentrated nitric acid and digesting the same 
by continuous heating. ‘Thus the tin in the mixture was directly converted 
into stannic oxide, which ceuld be quantitatively precipitated by dilution 
with water. Any sulphate left in the precipitate would be converted into 
the oxide during the final strong heating, as shown by Durrant. In case 
of titanium chloride, titanium sulphide would be precipitated together with 
tin sulphide and sulphur during the passage of H,S through the mixture. 
Such a mixed precipitate was treated with concentrated nitric acid which 
causes the solution of titanium sulphide and the oxidation of sulphur, 
bringing about at the same time a complete conversion of tin sulphide into 
tin oxide which could be separated and weighed. Estimation of ammonia 
and hydroxylamine was done by adopting all the precautions suggested by 
L. H. Milligan!® (1924). In a few experiments, the stannous and stannic 
tin alone were estimated. The gaseous mixture was not analysed but a 
fair idea ot the chief constituents of the gas could be obtained from its 
appearance. Estimations of all the products were carried out in duplicate 
and the mean of the two determinations was accepted. Following tables 
indicate the results of the experiments. 

In all these experiments 50 c.c. of nitric acid of 0-14 gm.jc.c. concen- 
tration was used. The amount of tin employed was 0-7 gm. and 10 c.c. of the 
solution of the catalyst was added. The reactions were carried out at 30°C. 

TABLE I. 
Catalyst :—-Ferrous Sulphate. 











| | 
Conc. of | Time for tin |. Peon oe . nes Vol. of gas at 
catalyst to dissolve Sous on ao — — nN. tT. 8. 
mols/litre minutes gm. gm. | ii em. ew | C.cs 
| 
iis | 
0-00 7-0 0-6258 0-073 | 0°03268 0-0137 6-607 14°7 
0-10 12-0 | 0-6105 0-087 | 0-0170 0-0169 6-699 12-3 
0-20 20-0 0-6351 0-063 | 0-021] 0-0190 6-570 12-8 
0-020 | 0-0187 | 0-0145 | 6-572 16-0 






























G. S. Kasbekar and A. R. Normand 


TABLE II. 
Catalyst :—Ferric Chloride. 

















Conc. of catalyst Time for tin to | Tin in 
3/li dissolve stannous form 
mols/litre . 
minutes | gm. 
0-00 7-0 0-6258 
0-025 12-0 0-6143 
0-10 16-0 0-6218 
TABLE III. 


Catalyst :—Sodium Nitrite. 

















_. | ‘Time for tin to | Tin in 
Cone. of catalyst | dissolve | stannous form 
mols/litre inates gm 
0-00 7-0 0-6258 
0-125 9-0 0-2610 
0-250 11-0 0-2730 
0-50 12-5 0-2780 
TABLE IV. 


Catalyst :—Urea. 





Conc. of catalyst | Time for tin Tin in 
Pair to dissolve stannous form 
mols/litre : : 
minutes gm. 

| | “ay 

0-00 7-0 | 0-6258 
| 

0-10 7-0 0-6233 
0-20 7-0 | 0-6416 


0-66 7-00 0-6419 
7-00 





0-6448 
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TABLE V. 
Catalyst :—Sulphurie Acid. 














































































































l 

—s | —— Sn(ous) | Sn (ic) | NH,OH| NHsg Nitrate Met iy 
mols/litre minutes gm. gm. - = -™ CBs 
0-00 7-0 0-6258 0-073 0-0326 0-0137 6-607 14-70 
2-40 20-0 0-4679 0-230 | 0-0432 | 0-0296 6-627 10-00 
4-80 20-0 0-5552 0-143 | 0-0509 | 0-0237 6-572 12-30 
9-60 5-0 0-700 0-00 0-0570 0-0145 6-699 

14-40 5-0 0-700 0-00 0-0383 0-0145 6-70 21-9 
19-20 4°5 0-00 0-693 0-0067 0-0110 6-623 29+4 

TABLE VI. 
Catalyst :—Titanium Chloride. 
l 

“atsiyst | to dissolve | S®(ous) | Sn (ic) | NHOH | NH, | Nitrate | 1) °° 
mols/litre minutes gm. ” ” | gm. gm. c.c. 
0-00 7-0 0-6258 | 0-073 0-0326 | 0+0137 6-607 14.7 
0-1213 21-0 0-5881 0-1090 0-0413 0-0220 6-342 12-1 
0+ 2426 17-0 0-5498 0-1502 0-0483 0-0152 6-536 12-3 
0+4852 7-2 0-4806 0-2101 0-0530 0-0145 6-575 

0-7278 5-6 0-3007 0-3900 0-0459 0-0145 6-713 21-6 
0-9703 4-1 0-2630 | 0-4361 | 0-0392 | 0-0145 6-709 24-6 

TABLE VII. 
Catalyst :—Sodium Bisulphite. 

Com of | Time foro] so cous) | snc) | NH,OH | Ney | Nixate | Yok obem 
mols/litre minutes a. ii - gm. ~~ cc. 
0-00 | 7-0 0-6258 0-073 0-0326 | 0-0137 6-607 14-7 
0-125 20-0 05572 | 0-1408 | 0-0287 | 0-0145 6-731 

0-250 20-0 0-5811 0-1170 0-0281 | 0-0145 6-721 13-7 
0-500 | 25-0 0-5943 0-1044 0-0281 | 0-0145 6-717 

27-0 0-5869 0-0291 | 0-0145 6+ 733 13-2 
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TABLE VIII. 


Catalyst :—Sodium Sulphite. 



















































Co 
Conc. of | Time for tin | . ane | , : aes Vol. of gas ca 
catalyst | to dissolve | on sone sap (ic) — | — — at N. T, P, mo 
mols /litre | minutes | 8” am oe 4 - sal C.c. 
| ae 
2s | Se = ea 
0-00 7-0 0-6258 0-073 0-0326 0-0137 6-607 14-7 
0-125 10-00 0-5018 0-195 0-0299 0-0145 6-715 13-8 
0-250 10-00 0+5273 0-171 | 0-0301 | 0-0145 6-717 
0-375 12-0 0-4941 0-205 | 0-0311 0-0145 6-719 13-7 
0-500 13-0 0-4903 0-208 | 0-0321 0-0145 6-717 
TABLE IX. 
Catalyst :—-(a) Sodium Chloride, (b) Ammonium Chloride. cat 
= 30 
Conc. of catalyst — se tin Tin in stannous form th 
mols/litre > Saneere gm. 
minutes 
gh i Sle gi 
0 7-0 0-6258 
of 
1-0 11-5 0-6321) en 
(A) : 
4-0 14-0 0-6210 5 m 
1-0 | 6-5 0+ 6322 a 
| (B) th 
4-0 | 7-0 0-6298 
es. | H 
. tl 
TABLE X. t! 
Catalyst :—Sodium Nitrate. Ci 
No estimation is carried out. ¢ 
r 
Conc. of catalyst Time for tin to dissolve c 
mols/litre minutes i 
i V 
0-0 7-0 
] 
0°125 11-0 I 
0-250 11+5 1 
0-500 12-5 | 
{ 
15- 
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TABLE XI. 


Catalyst :-—Glucose. 





























5 oe : | 
Conc. of Time for tin] « a —" : : - Vol. of gas 
sutehyst so: Sicha Sn coe) = N — — — | at N. T.P, 
mols/ litre minutes iid ala gn. ae om. | C.2 
0-00 7-0 0+6258 0-073 0-3268 0-0137 6-607 14-70 
| 
0°25 7-0 0-6128 0-085 0-0276 0-0145 | 6-727 14-10 
| 
0-50 7-0 0-6128 0-084 0-0265 0-0145 | 6°715 
0°75 7-0 0-6314 0-067 0-0266 0-0145 6-700 | 14-60 
1-00 7-0 0-6314 0-068 0-0265 0-0145 6-715 | 
Discussion. 


The time required for the complete solution of tin is of great signifi- 
cance in this investigation. As the study was made at a temperature of 
30°C. and at a low concentration of 0-14 gm./c.c. of nitric acid, the effect of 
the catalysts is not very marked but yet significant. 

The reaction is retarded by the addition of FeSO, and FeCl, (Tables 
I and II) and is accompanied by the evolution of nitric oxide when FeSO, 
of 0-4 mol concentration is used as a catalyst. The formation of NO is 
ascribed to the decomposition of HNO, which is believed to be an inter- 
mediate compound during the reduction of HNO; by FeSO, (L. H. Milligan 
and G. R. Gillette, loc. cit.). B.C. Banarjee and N. R. Dhar explained 
the accelerating effect of ferrous and feriic ions during the reduction of 
HNO, by metals as caused by the formation of HNO . In our experiment, 
therefore, the formation of NO leads us to attribute the retarding effect to 
the formation of HNO,. ‘This view is confirmed by the retarding effect 
caused by NaNO, (Table III). Banarjee and Dhar (loc. cit.) stated that 
catalysts such as urea which hinder the formation of HNO, retard the 
reaction between metals and nitric acid. The fact that the reaction velo- 
city is unaffected by the presence of urea (Table IV) indicates that HNO, 
is not formed during this reaction, for if it were formed, and its presence 
were essential for the solution of tin, then it logically follows that the 
presence of urea should retard the reaction. Therefore, it is clear that 
nitrous acid retards the reaction between tin and nitric acid and that it is 
not formed during the solution of tin in nitric acid (G.S.K. and A.R.N., 
loc. cit). The decrease in the yield of NH,OH in these experiments is 
obviously due to the formation of HNO, during the reaction, because the 
teaction 
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NH,OH + HNO, = N,O + 2H,O 
causes. a fall in the yield of NH,OH. Although nitrous acid similarly 
reacts with NH; 
NH, + HNO, = 2H,O +N, 

a slight increase in the yield of NH, is due to the greater stability of NH, 
in HNO, than that of NH,OH (N. R. Dhar,!' 1925). Catalytic effect due 
to ferrous ions may also be playing a réle but nothing definite could be 
observed to that effect. 

Effect of H,SO, (Table V) indicates that its behaviour in low concen- 
tration is contrary to its behaviour in higher concentrations. This was also 
what W. D. Bancroft remarked regarding the presence of sulphuric acid 
and pointed out his inability towards a satisfactory explanation. More 
rapid solution of tin when H,SO, of higher concentrations was used is 
evidently due to the strength of H,SO, itself. , 


The formation of NO with TiCl, (Table VI) as catalyst is in agreement 
with what Milligan and Gillette observed. In the presence of TiCl,, the 
increase in the rate of reaction is possibly due to the displacement of tita- 
nium from its salts by tin. This possibility is suggested by the colour 
changes of the mixture, during the reaction. During the study of both these 
catalysts a simultaneous increase in the stannic tin and the gaseous products 
is observed. This observation amply justifies the remark made in our 
previous paper (loc. cit) wherein the formation of gaseous products was 
attributed to the solution of tin to the stannic condition. 


The retarding effect of NaHSO, and Na,SO, (Tables VII and VIII), 
it appears, is due to the presence of Na ions. This view is supported by 
the use of other salts of Na such as NaCl (Table IX), NaNO, (Table X), 
etc.....The fact that NH,Cl (Table IX) has no retarding effect, substan- 
tiates the above statement. The fall in the stannous tin in these cases is 
perhaps due to the interaction of stannous salts with the catalyst, forming 
compounds which readily hydrolyse. This is true specially in cases of 
NaHSO, and Na,SO;. Glucose (Table XI) was unable to retard the 
reaction on account of the lower concentration of HNO;. In higher con- 
centrations of HNO, glucose does retard the reaction, as it aids in the 
formation of HNO,. This is indicated by the test experiments carried out. 


Summary. 


1. FeSO, and FeCl, retard the reaction between tin and HNO, and 
cause an increase in the yield of NH, and a decrease in the hydroxylamine 
formed. 
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2. Retardation of the reaction by NaNO, and no change in the rate 
of soultion by the addition of urea indicate that no HNO, is formed, nor 
its presence is essential during the solution of tin in HNOg. 


3. H,SO, and TiCl, retard the reaction when in lower concentrations, 
but accelerate the same at higher ones. There is a considerable increase in 
the yield of NH,OH and NH;. The catalytic effect of titanium ions is 
indicated. 


4, Glucose in small concentrations does not affect the reaction. 
5. NaNO,. NaHSO,, Na,SO, and NaCl retard the reaction whilst 
NH,Cl does not. Action of Na ion is suggested. 
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1. Introduction. 


THE extensive series of experimental observations by V6rlander and Walter 
(1925) on the Maxwell effect in liquids was followed by the formulation of 
a molecular theory for this phenomenon by Raman and Krishnan (1928). 
It was shown by these authors that the theory as outlined by them satis- 
factorily explained the various aspects of the phenomenon. In a recent 
paper, Paldhikar (1936) attempted* a quantitative comparison of the conclu- 
sions of the theory with the experimental results of V6rlander and Walter. 
Paldhikar’s work now loses some of its significance as subsequent investi- 
gations by Sadron (1936) have shown that the experimental results of 
Vorlander and Walter are somewhat in error. Sadron showed that the 
experimental arrangements employed by Vorlander and Walter were such as 
to cause turbulent motion in the liquid under investigation. Taking several 
precautions to avoid turbulence and other disturbing sources, Sadron 
studied the Maxwell effect in a number of organic liquids. He, unfortu- 
nately, compared his experimental result in one case with the original 
expression derived by Raman and Krishnan in which the factor 2 was omit- 
ted and as there was no satisfactory agreement, he concluded that the 
theory of Raman and Krishnan needed modification before it could yield 
quantitative results. In this paper it is proposed to examine the experi- 
mental results of Sadron in as many liquids as possible in relation to the 
cortected formula of Raman and Krishnan. 
2. Theoretical Expression for the Maxwell Constant. 


The basic idea underlying the theory of Raman and Krishnan is that 
the geometrically unsymmetrical molecules tend to orient themselves in 





* It may be noted here that the original expression derived by Raman and Krishnan 
for the value of the Maxwell constant was incorrect as a factor 2 was omitted inthat. This 
fact was pointed out by Krishnan, and Paldhikar introduced the correction into 
his calculations. 
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specific directions under the action of the shearing stresses in the rotating 
liquid. If these molecules are also optically anisotropic the liquid as a 
whole exhibits birefringence. The following expression for the birefringence 
is derived :— 


° 


my —-m = V2 (1) 


c 
In equation (1) 7 is the viscosity of the liquid, : is the velocity gradient 


and VY is the Maxwell constant given by 
(n? — 1) (n? +2) 
10 nvKT 
(4, — a2) (6, — bo) + (@,— as) (bz — bs) +(a3 — a,) (bs — 04) (2) 
n is the mean refractive index of the liquid, v is the number of molecules 
of the liquid per c.c., K is the Boltzmann constant, T is the absolute tempe- 
rature, a, a, and a, are the principal dimensions of the molecule and 2,, b, 
and b, are the optical polarisabilities along these directions. For a molecule 
having an axis of symmetry we can put a, = a, and 6, = b, so that we get 
__ ("*# — 1) (m?+2) 2(a;—a) b-bd, (3) 
10 mvKT 2a,;+a, 26,+b, 
If b; > 6, = b, as is the case in long-chain molecules, this may be written as 
(m™@ —1) (m?+2) 2 (a3 — a,) 
dais 10 mnvKT 9 a, +d 
If b, < b; = b, as in the case of benzene and its derivatives, it may be 
written as 














v5 (4a) 


_ (n® — 1) (mn? +2) 2 (a, — as) 

10 nvKT 2 a,+4, 

Sis the optical anisotropy and may be obtained from light scattering experi- 
ments. 


v8 (40) 





3. Method of Calculation and Results. 


All the items occurring in (4a) and (4b) excepting 8 and the molecular 
dimensions are obtained from the International Critical Tables and are 
given in Table I for six liquids studied by Sadron. For these liquids 6 
and the molecular dimensions are however not available. The value of 
§ for the liquids heptane, octane, ethyl, propyl, butyl and amyl alcohols is 
found to be very nearly 2-2 x 10-° (Rao, 1927). So the same value can 
be confidently assumed in the case of heptyl and octyl alcohols also. Simi- 
larly a value of 16 x 10-3 can be assumed for 8 of heptylic and nonylic 
A2 F 
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acids. The justification for this is to be found in the series of fatty acids, 
5 starts from being 47 x 10-% for formic acid and rapidly diminishes to 
16-5 x 10-% in butyric acid and may be expected to remain more or less 
constant thereafter. 

The shorter dimensions a, and a, may each be taken to be 4-6 AU, 
for all the long-chain molecules. We may assume that a, for octyl alcohol 
is 12-6 A.U. (Raman and Krishnan, 1928) and obtain the corresponding 
value for heptyl alcohol and heptylic acid by subtracting 1-26 from it. It 
may easily be seen that 1-26 represents the average length of a CH, group 
by comparing the lengths of long-chain molecules (Wyckoff, 1931). Simi- 
larly the value of a; for nonylic acid is obtained by adding 1-26 to the length 
of octyl alcohol. We assume here that an alcchol and the corresponding 
acid have approximately the same lengths. The values of 6 for nitro- 
benzene and aniline are obtained from Rao (1927) and a, and ag in both these 
cases are taken as 7 and 3 A.U. respectively. These are the accepted 
dimensions for a benzene ring and the alternative manner of taking two 
different values for a, and a, in the plane of the ring as proposed by 
Paldhikar will not lead to very different results. All the data assumed are 
collected in Table I, along with the observed and calculated values of the 
Maxwell constants for the various liquids. 




















TABLE I. 

» - 3 «» | Length of axes 2 Ba z %, 

Liquid eon "| Density Pe ® | es : e = 8s = Bh 

M P 35 | = g 2x A a3 eS x 42 53x 

+ l= [G50] AU.) AU. | Sen | Beem 
Heptyl alcohol | 116-13 | 0-8170 | 1-425 | 20 2-2| 46| 11-34] 50-7 64 
Octyl alcohol | 130-14 | 0-8276| 1-430/18 | 2-2] ,, | 126 | 66 73 
Heptylicacid | 130-1 | 0-9223| 1-423 | 20 | 16 » | 11-34] 111-8 527 
Nonylic acid 158-14 | 0-9070 | 1-433 | 20 | 16 | ,, | 13-86] 175-6 405 
Nitrobenzene | 123-05 | 1-207 | 1-553} 20 | 53 | 7 3 219-6 465 
Aniline 93-06 | 1-023 | 1-586|18 | 21-7) 7 3 146 140 
| 























4. Discussion of Results. 


From Table I, it is evident that out of the four aliphatic liquids studied, 
the two alcohols show a Maxwell constant which is in good agreement with 
that predicted on the basis of Raman-Krishnan theory. In the case of 
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the two acids the observed values are much larger than the calculated 
values. This is very significant and may be expected. In the opinion of 
the author, it suggests molecular association resulting in an increased 
geometrical asymmetry of the units and a diminished value of their num- 
ber per cubic centimetre both of which tend to increase the Maxwell 
constant. In the theoretical deductions it is assumed that the molecules 
in the acids are not associated and the predicted values are naturally too 
low. The conclusions are in agreement with what is known about fatty 
acids from other branches of physics and chemistry. 

Of the benzene derivatives investigated, aniline shows good agreement 
whereas the calculated value in nitrobenzene is again too low when com- 
pared with the observed one. This again suggests that the formation of 
double molecules in nitrobenzene has not been taken account of. We may 
conclude by saying that the experimental work of Sadron lends support to 
the theory of Raman and Krishnan, the exceptions being such cases in 
which there are complications which have not been taken account of in 
the theory 

The author’s best thanks are due to Mr. S. Bhagavantam for his valu- 
able guidance in the course of the preparation of this paper. 
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Introduction. 


THE subject of light scattering in colloidal systems is one of very great impor- 
tance. The optical properties of Colloids often furnish important informa- 
tion concerning the size, shape and degree of aggregation of the particles in 
solution without, at the same time, disturbing the internal equilibrium of 
the system. But the problem is highly complicated, particularly in the 
case of hydrophilic colloids, whose behaviour is determined by a large number 
of independently variable factors like pH, nature and concentration of neutral 
salts if any present, concentration of the colleid, previous history of the 
colloid and temperature. Systematic studies in this direction are scanty 
although these should be expected to give results of great theoretical and 
practical importance. 

Dhéré and Gorgolewski! noticed an increase in the turbidity of gelatin 
sols with diminution of the ash-content. This increase disappeared on 
addition of small quantities of an acid, base or even a neutral salt. These 
results were later confirmed by Arisz.2, Kramer and his co-workers? made 
a detailed and quantitative study of the Tyndall intensity of gelatin solutions 
(using gelatin from different sources) and found an intensity change of over 
1000 °% within a fraction of a pH unit near the isoelectric point, at tempera- 
tures below 20°C. The maximum intensity located the isoelectric point with 
greater certainty than any other property. The intensity diminished con- 
siderably with increase in temperature up to 30° C., but above that showed 
a tendency to become constant and independent of pH. ‘The influence of 


* Dhéré and Gorgolewski, Jour. Physiol. path. gen., 1910, 12, 645 ; 1911, 13, 157 and 


167. 
2 Arisz, Kolloidchen Beihefte, 1915, 7, 22. 

3 Kremer and Fanselow, Jour. Phys. Chem., 1925, 29, 1169. 
Kremer and Dexter, /bid., 1927, 31, 764. 
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6H on the intensity of light scattered by casein solutions has been studied 
by Holwerda.! 

Donnan and Krishnamurti® have carried out, with different hydrophilic 
colloids, simultaneous measurements of the intensity and depolarisation of 
scattered light using unpolarised incident light. With the results obtained, 
they have drawn interesting conclusions on the structure of sols and gels 
and the mechanism of gelation in the case of gelatin and agar. Recently 
Subbaramaiya® has reported depolarisation measurements on the scattered 
light with various colloids using unpolarised, horizontally polarised and 
vertically polarised incident light. He has pointed out that the depolarisation 
with vertically polarised incident light p, gives information as regards the 
shape of the particles and the depolarisation with horizontally polarised 
incident light pz is affected by the size, shape and anisotropy of the scatter- 
ing particles. An algebraic relationship between p,, p, and p, (depolarisation 
r with unpolarised incident light) has been obtained theoretically by Krishnan’ 
and used to check the results of Subbaramaivya. 





e 
f In view of the importance of this problem, it was considered desirable to 
al carry out a systematic study of light scattering in protein solutions at different 
1e pH values, by the simultaneous measurements of intensity and depolarisations 
y Pu» Py and p, of the scattered light. 
d Experimental. 
The arrangement and the method of measurement of depolarisation 
im was similar to that used by Subbaramaiya.® 
mn 
se 
de 
a Cc 
: A « 
th N H 
n- 
v 

ed FIG. 1. 
of Li f ‘eatiatiatiien! " ' , 

aight from a ‘pointolite’ source A, keptin a box painted dull black 
od was focussed on to a small square slit C by means of the condensing lens B, 


* Holwerda, Rec. Tran. Chim., 1931, 50, 601. 
® Donnan and Krishnamurti, Coll. Symp. Ann., 7, 1. 
Krishnamurti, Proc. Roy. Soc. (A), 1929, 122, 77 ; 1930, 129, 490. 
§ Subbaramaiya, D. S., Proc. Ind. Acad. Sci. (A), 1934, 1, 709 ; 1935, 2. 
’ Krishnan, R. S., /bid., 1934, 1, 717 and 782. 








130 K. Subba Ramaiah 


and recondensed by means of D on to the rectangular glass cell F containing 
the solution. The beam is rendered nearly parallel for some distance at 
the focus. The double-image prism FE served to split up the incident light 
into horizontally and vertically polarised beams, either of which could be 
cut off at will. The depolarisation was measured by the usual double-image 
prism and Nicol arrangement G and H. 

Measurement of intensity, with an unpolarised incident beam, were made 
with a photoelectric cell and a valve-bridge amplifier described by 
Ananthakrishan.* ‘The author’s thanks are due to him for the loan of the 
same. 

Three proteins gelatin, casein and egg albumin were used for the experi- 
ments. Depolarisation and intensity measurements were made with light of 
different colours, suitable filters being interposed in the path of the incident 
beam. ‘The effect of ageing on the scattering was also studied in each case, 
pH measurements were made colorimetrically with a Hellige comparator. 

Gelatin.—Kahlbaum’s gold label gelatin, dissolved in water by the usual 
method, was employed at three concentrations—0 -25%, 0-50 and 1-0%— 
along with citric acid phosphate buffers. 

Casein.—Casein labelled pure was purified further by double precipita- 
tion at the iso-electric point. It was dissolved in dilute alkali; four con- 
centrations—0 :2%, 0-4%, 0-89 and 1-0° —were used with citric acid— 
phosphate buffers and two concentrations-—0-5% and 1-0%—with acetic 
acid—acetate buffer. Similar results were obtained. Casein was precipitated 
from solution between pH values 3-5-4-8, and at pH 4-9 the solution was 
too highly opalescent for depolarisation measurements to be made. 


Egg albumin.—Merck’s pure egg albumin dissolved in water was used 
at three concentrations—0-2%, 0-4°% and 1-0%—with citric acid—phos- 
phate buffers. The results were complicated by its slow precipitation from 
solution between fH values 3-9-4-5. 

In all these cases, a trace of thymol was used to prevent the action of 
micro-organisms. ‘The thymol was found to have no effect on the measute- 
ments. Also PH values 2-2 and 10-5 were unbuffered in all the three cases 


As the concentration variation had negligible influence on the depolarisa- 
tion and as the intensity was proportional to the concentration, values are 
given below for only one concentration of each of the proteins. Intensity 
values are given only for white light. These values refer to the amplifier 
photoeletric current in micro-amperes. 





* Ananthakrishnan, R., Proc. Ind. Acad. Sci. (A), 1934, 1. 
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TABLE V. 


Depolarisation and Intensity of Light scattered by 1-0°% Albumin Solution. 
Age of the Solution = 48 Hours, 
































| White Light | Yellow Light | Blue Light Light 
~ |p le lel sie |e lel Z | p |e,le,|4|4 
ALAC aCie UK 
A Ri. cee 5 
9.2 | 265 | 0-93 | 66 | 130 | 1-7 | 6-62 | 59 | 100 | 8-8 | 3-8|100 | 61 | 69 
3-2 | 2-2 | 0-85 | 59 | 220 || 1-5|0-55|49{175 | 8-8 | 3-7] 84 | 105 | 125 
4 | Precipitation of the albumin had taken place 
47 | 6-2| 1-3 | 33/1175 5-3) 1-1 | 33] 960 | 7-7{ 2-5) 44 | 575 | 750 
49 | 266 daly - 2-5 | 0-5 | 38|540 | 3-8] 2-0] 59 | 300 | 390 
51 | 2-0 | 0-62 | 49| 305 | 2-0 | 0-62 44/245 | 6-9| 3-1] 72 | 195 | 175 
58 | 2-5 | 0-98 | 59 180 | 2-0 | 0-62 | 49| 1385 | 9-9 | 4-9 | 100 | 82 | 97 
70 | 3-10-93} 59| 180 | 2-2 0-69 | 55 | 135 | 11-8] 6-2 | 100 | 0 | 97 
8+1 | 13-3 | 5-3 | 82| 155 2-5 | 0-85| 551115 |45 |27 |100 | 7 80 
10-10-5 | Be4 | 1 59 | 50 | 3-1 | 0-93 | 59| 37 | 13-3] 5+3 | 100 | 22 | 27 
| } { 














Table T shows that in the case of gelatin p,, p, and p, all pass through 
a minimum at the iso-electric point. The inicnsity maximum, however, 
is not very weil defined due to the fact that experiment was conducted 
at the room temperature of 28-39° C, 

Casein, as seen from Table II, exhibits an iso-electric minimum in the 
values of p, and p, and a maximum in the value of p,. The intensity maxi- 
mum is very sharp. The high values of p,, p, and p,; (nearly 100% in each 
case) at PH5, reported by Subbaramaiya®, have not been confirmed. 

The behaviour of albumin is more complicated. Tables III, IV and V 
show that the depolarisation shows an enormous variation with the colour 
of the incident light. This was found to be due to a strong fluorescence in 
the albumin solutions. The fluorescence is minimum at the iso-electric point. 
For purposes of comparison the depolarisation values with yellow or red 
incident light (the blue component being eliminated) have to be taken. 
Another complication is introduced by the slow precipitation of the albumin 
from solution between PH values 3-9-4-7. The depolarisations for 
these solutions are anomalously high. If they are not taken into considera- 
tion, the tables show that albumin kas a tendency to pass through an 
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isoelectric minimum in the values of p,,p, and p,;. The intensity maximum 
at the isoelectric point is very sharp. 


Discussion. 


It is clear from the fH intensity tables that the intensity ofthe scattered 
light is a maximum at the isoelectric point in all the three cases. The maxi- 
mum is welldefined in the case of casein and albumin and, as is evident from 
the tendency towards precipitation, is due to a very marked aggregation of 
the colloidal micelles. In the case of gelatin the maximum is not sharp, 
This is apparently contradictory to the observations of Kremer and _ his 
collaborators’ and is due to the experiment having been conducted at the 
room temperature of 28-30°C. Probably, as Krishnamurti® has suggested, 
gelatin is molecularly dispersed in solution at this temperature, and loose 
aggregates are formed at the isoelectric point, the aggregates being quite 
small. 

The depolarisation values p,, p, and p, are minimum at the isoelectric 
point for gelation and show a tendency to be minimum in the case of albumin 
(taking into consideration the values with yellow incident light and neglecting 
the depolarisation values between PH 3-9-4-7). In the case of casein p, 
and p, are minimum at the isoelectric point but p, is maximum. ‘The mini- 
mum value of p, indicates maximum spherical symmetry of the micelles, 
at the isoelectric point. The isoelectric minimum value of p, for gelatin and 
albumin is evidently due to an increase in particle size, without appreciable 
increase in the anisotropy of the particles. The iso-electric maximum of 
p, for casein must be attributed to an increase in the anisotropy of the particles 
having greater influence on the depolarisation, than the simultaneous increase 
in particle size. It is also probable that the hydration of casein being 
minimum at the isoelectric point influences p, to a greater extent than in the 
cases of gelatin or albumin. It may be remembered here that casein, unlike 
gelatin and albumin, is insoluble in pure water. 

The values of p, for casein are appreciably lower than the corresponding 
values for gelatin and albumin, indicating the presence of relatively larger 
micelles in solution. 

Putzeys and Brosteaux,® in a recent paper, claim that the intensity of 
light scattered by simple protein solutions, is determined mainly by the 
molecular weight of the protein itself. But the results presented in this 
paper as well as those of previous workers, clearly demonstrate the importance 
of pH in determining this intensity of the scattered light. It would perhaps 


9 Putzeys and Brosteaux, Trans. Far. Soc. ,1935, 31, 1314. 
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be a better approximation to consider the intensity as proportional to the 


7 micellar, and not the molecular, weight of the protein. 
It may be remarked in this connection, that the large increase in 
opalescence, as well as the existence of pronounced minima in the values of 
Py Pv and pz, at the isoelectric point bear a striking similarity to the observa- 
tion of Krishnan!® on the critical opalescence of binary liquid mixtures. The 
! question therefore arises whether we are justified in looking upon the iso- 


electric behaviour of proteins as analogous to the critical state, PH in the one 
case corresponding to temperature in theother. But in spite of the similarity 
in optical bahaviour, the following differences may be mentioned. 

(1) The temperature of critical opalescence for binary liquid mixtures 
is a function of the concentration of the components, but the isoelectric point 
is independent of the concentration of the colloid. 

(2) The critical solution temperature marks the sudden transition 
from a one-phase system to a two-phase system, but the iso-electric point 
only characterises a charge in the sign of the charge on the micelles. 





In conclusion, the author expresses his grateful thanks to Prof. Sir 
¢. V. Raman, Kt., F.R.S., N.L., for his keen and helpful interest in the work. 


Summary. 


A detailed study of the light scattering in protein solutions, using gelatin, 
casein and albumin, has been carried out. The study involves the simultane- 
ous measurements of the depolarisation,—with unpolarised, borizontally 
polarised and vertically polarised incident beams—and intensity, of the 
scattered light. As a consequence of the aggregation of micelles the intensity 
is maximum, and the depolarisation minimum, at the isoelectric point. ‘The 
effect of ageing and the influence of concentration at low cencentrations has 
been shown to be inappreciable. The similarity in optical properties between 
the isoelectric behaviour of proteins aad the behaviour of binary liquid mix- 
tures at the critical solution temperature is pointed out and attention is 
drawn to the objections for considering the isoelectric behaviour as analogus 
to the critical phenomenon. 


10 Krishnan, R. S., Proc. Ind. Acad. Sci. (A), 1935, 2, 221. 
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1. Introduction. 


THE question of the exact mechanism of sol-gel transformation and the 
structures of gels and jellies has seriously engaged the attention of colloid 
chemists for a long time. In spite of the large volume of work done on 
the subject, differences of opinion still persist even with respect to the very 
nature of jellies. Some (Robertson, Procter, McBain and others) regard 
them as homogeneous single phase solid solutions and some others (Wo, 
Ostwald, Bancroft) as two phase liquid-liquid systems like extremely viscous 
emulsions, but the majority of investigators incline to the view that they 
are two-phase solid-liquid systems, the liquid being held in a solid network 
partly by physical and partly by chemical forces. 

The sol-gel transformation of silicic acid and the structure of silica gel 
has been a live subject for nearly a hundred years but the last word still 
remains to be said on it. The commonly accepted view, for a long time, 
was that of Biitschli! who, after microscopic examination of gels, suggested 
that the gel consists of the solid phase as the dispersion medium, the liquid 
being held in a sort of honeycomb structure. But this has not been con- 
firmed by the later work of Zsigmondy* and Bachmann.? These workers 
studied several gels ultramicroscopically, and attributed to the gel a grained 
structure of ami- or sub-microns distributed in the liquid medium—a sort 
of ultramicroscopic dough. The vapour pressure isotherms of silica gel 
were studied by Van Bemmeln* and used to calculate the pore-size in the 
gel. 

Hurd and Swankcer® have recently reported that there is no change of 
electrical resistance when a silicic acid sol sets to a gel, and suggest that 
the sol-gel transformation is a perfectly continuous process. The viscosity 
change, as well as the change in micellar weight, during gelation, has been 
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studied by Treadwell® with electrolytically prepared silicic acid sols. The 
time of setting, according to this author, is a function of the pH, and is 
minimum at pH 5-8. Refractive index studies also indicate the continuous 
nature of the process of gelation. 

In view of the importance of the problem, an attempt has been made 
to study optically, by measuring the intensity and depolarisation of the 
scattered light, the sol-gel transformation with silicic acid and thus throw 
some light on the problem. 


2. Experimental. 


The method of measurement and the experimental arrangement were 
the same as described in a previous paper.’ 

Chemically pure sodium silicate (E. de Haen) was dissolved in water 
to give solutions of two concentrations 18 per cent. and 6 per cent. A trace 
of ammonia was added to each, to facilitate gel formation. All the other 
chemicals were of the A.R. quality. Gelation was effected with acetic, 
hydrochloric and phosphoric acids. 


Gel A.—Prepared by mixing equal volumes of 6 per cent. sodium 
silicate and about 0-8 N acetic acid. A firm and rigid gel was obtained 
in 12 hours. The mixture was acidic. 

Gel B.—Prepared by mixing equal volumes of 6 per cent. sodium 
silicate solution and about 0-5 N acetic acid. A_ rigid gel was formed 
in 24 hours. The mixture was alkaline. 


Gel C.—Prepared with equal volumes of 18 per cent. sodium silicate 
solution and 3-5-4 N hydrochloric acid. A rigid gel was formed in 12 
hours. The mixture was acidic. 

Gel D.—Prepared with equal volumes of 18 per cent. sodium silicate 
and 1-5-2 N hydrochloric acid. The mixture, which was alkaline, set to 
a rigid gel in 3-4 minutes. 

Gel E.—Prepared with equal volumes of phosphoric acid and 18 per 
cent. sodium silicate solution. Rigid gel was formed in 2 hours. But on 
keeping for a fortnight, it was found that the gel had shrunk appreciably in 
volume. 

Sol F.—Prepared with equal volumes of 18 per cent. sodium silicate 
solution and about 2-5 N hydrochloric acid. The mixture was acidic and 
did not set to a gel even after a week. 

The depolarisation and intensity values are given in tabular form 
below. p,, p, and p, refer to the depolarisation of the scattered light with 
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unpolarised, vertically polarised and horizontally polarised incident light, 
The standard used for intensity measurements is the same in 


respectively. 
all cases and consisted of an appreciably aged silicic acid gel. 


This has been 


given a value of 100, and intensity values less than 0-5 on this standard 
are mentioned in the tables as negligible. 


Gel A :—Acid: Acetic Acid—Silicate mixture. 





Time after 
mixing 


State of the mixture 





0 minutes 
5 


10 


2 hours 


3 days 











Clear Sol 


Viscous Sol 


9 


Very Viscous Sol 


99 


Rigid Gel 


Depolarisation of the 
scattered light 


Intensity of the 
scattered light 























Pu Py | PA 
| 11:8% | 4:5% | 72% 
9-9 3°8 66 
8-2 2-8 59 
2 
7-2 2-5 | 59 2 
| bp 
5-3 1-7 «#6| (Ba 7) 
[od] 
A 
3.8 1-3 B4 
| 1:5 0-5 46 
| 1:5 0-5 46 
| 0-9 0-25 46 less than 0:8 
| 
0-7 0-2 45 1:0 
0-5 0-15 40 20 
0-8 0-2 33 45 
2-0 0-3 27 82 
2°8 0-6 27 88 
2-8 0-6 27 94 























Gel B: 


Studies in Collotd Optics—I1 


Alkaline : Acetic Acid—Silicate mixture. 





Time after 


State of the mixture 


Depolarisation of the 
scattered light 





Intensity of 








mixing scattered light 
Pu | Py | Ph 
0 minutes | Clear Sol 14:0% | 4:6% | 59% 
5 9 8-2 | 3:0 53 
2 
10 ” 5 3 1: 7 46 | 
= 
20 “ 2:5 0-8 41 Sb 
| Ai 
30 $3 |} 2:2 0-6 41 
| 
60 " | 1:3 | 0:35 | 36 
| 
2 hours a | 0-8 0-25 31 less than 0-5 
| 
3 Viscous Sol 0-3 0-2 30 9-0 
4 oe 0:7 0-2 27 13-2 
6 Very Viscous Sol 0-9 0-16 22 20 
8 ‘co 1-1 0-16 20 30 
12 Loose Gel 2-2 0-25 18 64 
24 Rigid Gel 3-4 0-35 18 100 
2 days os 3°8 0-4 14 105 
3 - 3°8 0-4 12 105 



































142 


K. Subba Ramaiah 


Gel C :—Acidic: Hydrochloric Acid—Silicate mixture. 




















Depolarisation of the 
Time after it ilk cilities scattered light Intensity of 
mining scattered light 
Py | Py | Ph 
| 
0 minutes | Clear Sol 13-3 4:5 | 69 
5 10:6 3-4 | 55 2 
| © 
10 9°3 28 | 53 A 
| op 
oe) 
20 7-2 2-2 | 49 A 
30 6-2 1-8 | 49 
60 4-5 15 | 49 less than 0:8 
| 
2 hours Rather Opalescent Sol | 2-0 0-6 | 45 1:0 
3 Viscous Sol 11 | o4 | 42 1-2 
4 Opalescent Viscous Sol} 1-0 0°35 40 4-0 
6 ‘is 0-8 0-25 40 20 
8 Highly Viscous Sol 0-9 0-3 40 18 
12 Rigid Gel 1-5 0-4 33 75 
24 ‘ 2-2 0-5 | 30 95 
| 
2 days - 2-8 0-6 | 27 98 
4 ” 2-8 0-6 | 27 | 100 
| 
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Gel D :—Alkaline : Hydrochloric Acid—Silicate mixture. 





Time after 


State of mixture 


Depolarisation of the 
scattered light 





Intensity of 





2 days 




















mixing | scattered light 
Py | Py | Pr 
(0 seconds | Clear Sol — — _ 1-2 
30 Opalescent Viscous Sol — i — 45 
1 minute Opalescent Viscous Sol — — 33 130 
aminutes | Highly Opalewent ) — | — | ar | 100 
3 i —_ | — — 175 
4 e | 7-6 | 1:5 22 175 
6 m | §-2 | 1:3 | 20 180 
8 Loose Gel | 8-2 | 1:3 | 20 | 180 
10 a“ | 8.2 | 2-2 | 19 180 
15 Rigid Gel 7-6 | 1-3 | 18 180 
30 = | 7-2 | 1-1 | 17 180 
1 hour ” | 7-2 | 1-0 17 180 
2 hours 7 | 7-2 | 1-0 17 180 
24 " 7+2 | 1:0 17 180 
| 
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Gel E :—Phosphoric Acid Gel. 





Depolarisation of the | 








Time after a a on scattered light | Intensity of 
Mixing | scattered light 
Pu | Po | Pa | 
| } 
0 minutes | Viscous Sol 3-4% | 1-1% | 46% 4-7 
2 7 _ | _— _ 6-8 
5 ™ 2°7 0-9 44 11-2 
8 ‘a — _ _ 22 
10 7m 2-2 0:7 41 27 
15 9 2-0 0-6 36 33 
30 ” 1:8 0°5 33 37 
60 Loose Gel 1°6 | 0:45 31 40 
2 hours Rigid Gel 1-5 0-4 31 42 
6 a 1-5 0-4 30 43 
10 a 1-6 0-4 27 45 
Regid Gel i ‘ rR 
24 Vol. contracted 1°6 0-3 22 46 
. Regid Gel ’ ” 
3 days Vol. contracted 1°8 0-3 20 ao 
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Sol F :—Prepared with equal volumes of 18 per cent. Sodium Silicate 
Solution and 3 N Hydrochloric Acid. The mixture was acidic. 

















nuous diminution of p, with time. 





























Depolarisation of the 
Time after —— scattered light Intensity of 
mixing scattered light 
Py | Py | Ph 
5 minutes | Clear Sol 11 -8% 4:°1% | 72% 

10 ” 9°3 4 66 
20 ” 6: . 2: 5 59 
30 99 6 +2 2°2 59 
60 9 5-8 2-0 55 
90 ”? 5 3 bE q 53 

C) 

2 hours - 5-3 1-7 49 2 

| i) 

3 m 5:3 1-7 49 cy 

>) 

7, 
4 a 4-9 1-6 49 
6 “ 4-9 1:5 49 
10 - 4-1 | 1.8 49 
24 | 4 2°5 0-8 46 
2 days - 1-6 0-5 46 
3 . 1:5 0.5 46 
4 a 1-1 0-4 46 

Discussion. 


The depolarisation values in these sol-gel transformations are very 
interesting. Also they afford direct proof of the conclusions previously 
arrived at by colloid chemists. We find, in all the cases studied, a conti- 
At the time when the two solutions 
are mixed p, has a high value. It then falls, rapidly at first but more and 
more slowly as time proceeds. It stops altogether or shows only a very 


small change after a rigid gel has been formed. As a fall in p, value is 
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indicative of increase in micellar size, we find that the sol-gel transformation 
process consists of a perfectly continuous (with no sudden breaks) increase 
in particle size, the process continuing even after gel formation is complete, 
This is quite in accordance with de Jong’s view that sol-gel transformation 
is an intermediate stage in crystallisation and that synerisis is a continu- 
ation of the process wherein the micelles in the gel are drawn together. It 
can also be noticed that p, values in the alkaline mixtures are smaller than 
for acid mixtures, denoting the existence of bigger micelles in the former. 

Py. and p, have high values at the time of mixing the two solutions. 
They also show a decrease, at first rapidly but gradually becoming slower 
up to the stage of formation of a viscous sol, and then a small rise up 
to the stage of formation of a rigid gel. The minimum value of p, is 
extremely small in cases where the gel-formation is slow and higher in cases 
where it is rapid. This indicates that the micelles to start with have a high 
asymmetry ; this decreases as the micellar size increases, until almost 
complete spherical symmetry is attained (i.e., in an extremely viscous 
sol). But when gel-formation takes place there is a decrease of this spheri- 
cal symmetry due probably to some kind of orientation cf the micelles in 
the gel. In the case of rapid gelation, the results indicate that the micelles 
are less symmetrical. 

The increase in intensity of the scattered light during the sol-gel trans- 
formation bears a striking similarity to the viscosity increase observed by 
Treadwell. The increase is negligible at first, then increases at a rapidly 
accelarating rate and becomes constant after gel-formation is complete. 
But it is at no stage discontinuous. It is, therefore, clear that the inten- 
sity of scattering is an index of the increase in micellar size, only in the later 
stages of the transformation. As is natural to expect, this intensity is 
higher fer alkaline sols and gels than for acid gels (of the same concentra- 
tion). (It has previously been remarked that the alkaline systems consist 
of bigger micelles.) 

In the case where gel-formation does not take place and the mixture 
persists asa sol, the depolarisation measurements indicate an arrest of the 
rapid growth of the micelles. The intensity of scattering is also feeble 
indicating the presence of only relatively small micelles. 

Summary. 


As a result of the study of the intensity and depolarisation of the light 
scattered by silicic acid solutions the following facts emerge :— 

(1) There is a continuous increase in the micellar size during the sol-gel 
transformation. The increase does not stop completely even after the 
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formation of a rigid gel, though at a very small rate. Where gel-formation 
does net occur, the micellar growthis arrested at an intermediate stage. 

(2) The intensity of scattering is, like viscosity, an index of the 
micellar growth only at the later stages of the sol-gel transformation. 

(2) The micellar size in alkaline sols and gels is higher than in acid 
systems of the same concentration ; consequently the scattering intensity is 
also higher. 

(4) In the slow setting systems, the micelles have almost complete 
spherical symmetry at a stage immediately prior to gel-formation. But it 
stibsequently decreases due either to an orientation of the micelles in the 
gel or a loose chain-formation. 

(5) In the rapid setting systems, the micelles have more of spherical 
asymmetry due to probably a more rapid and haphazard growth of the 
micelles. 

The author’s best thanks are due to Sir C. V. Raman, Kt., F.R.S., N.L., 
for his keen and helpful interest in the work. 
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Tum occurrence of almandite in the mica schists and in the accompanying 
rocks of Nellore is well known. For instance, King! has recorded that the 
eastern half of the schist-complex of Nellore includes many well-defined 
garnetiferous rocks the prominent one running from Saidapuram in the 
South, to Tummulatalappur in the North. He further noticed that the 
mica pegmatite masses of this area do not often contain garnets, in spite 
of their association with the garnetiferous strata. Since then, little syste- 
matic work has been done on these garnets except by Swaminathan,? who 
carried out the chemical analyses of some of the garnets from the pegmatite 
area near Saidapuram. At present, however, only one of his analyses® is 
available for study and it has been quoted in this paper for the sake of 
comparison. ‘The present work deals with well-crystallised specimens of 
garnet obtained by the author from the Saidapuram-Tummulatalappur area 
mentioned above. Garnets from the typical mica pegmatites are not 
employed in this work. 

Megascopic and Microscopic characters.—The characreristic form of 
these garnets is rhombic codecahedron (110). Other forms like trapezo- 
hedron (211), and hexoctahedron (321) usual in garnet crystals are not often 
met with. ‘Twinned crystals are rarely seen. Most of the individual 
dodecahedral crystals are more developed along one of the axes than along 
the other two, thus acquiring a more or less elongated form. The colour of 
these garnets is usually dark reddish-brown ; other colours are also met with. 

The garnets studied include five different types which exhibit slight 
variations in colour and other physical properties and also in chemical 
composition. In some garnets, especially the striated ones, parting parallel 
to d (110) (Fig. 1), and a (100) (Fig. 2), is very distinct. The parting 
is so well developed that it could be easily mistaken for cleavage. 
ture is sub-conchoidal to uneven ; lustre, vitreous to resinous. 
varies from 7 to 7-5. 


Irac- 


Hardness 
All these specimens have nearly the same refrac- 
tive index and specific gravity except for slight variations brought about 
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Partings in garnet 
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Fic, 1. FIG. 2. 
Parting parallel to @ (110) Parting parallel to a (100) 





by the variation in composition. The striations often noticed on these 
eranets, though very regular and prominent, are not true striations, 
because they indicate neither an oscillatory combination of forms nor are 
they the result of repeated twinning.t From the nature of the parting 
found only in these striated crystals, it is possible to conclude that these 
striations are only traces of the parting planes on the crystal faces. When 
examined visually, the crushed garnet reveals the presence of pink to brown- 
ish-red garnet grains along with clear white quartz and a shining black 
mineral. The megascopic and other characters of the various specimens 
examined are given in Table I. 
TABLE I. 








e | 
Specimens | A B G A/1552 S 
S — - —_ a 
Colour ..| Dark brownish | Pale dirty brown- | Dark reddish | Similar to A but | Similar to A but 
| red tinged} ish red pink to deep] pink tint more | slightly darker 
| with pink | red pronounced 
| 
Transpa- Subtranslucent -o Translucent to | Subtranslucent Substranslucent 
rency, transparent 
etc. Crystals present 
a granular ap- 
| pearance 
Parting .. es oe Striations _—not ee Well striated. 
very prominent. Highly  deve- 
Parting planes loped _ parting 
not visible planes 
Sp. Gravity 4-007 3-938 4-008 3°895 4-000 
Ref. Index 1-800 1-810 1-800 1-790 1-800 
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When a thin section of the mineral is examined in plane polarized 
light, it shows two kinds of inclusions, one of a transparent and colourless 
mineral and the other of an opaque, black mineral. A brownish-yellow 
film, probably of limonite, is invariably found in cracks and isolated patches 
in the garnet section. In some sections, however, one could see a few small 
crystals of pale greenish-blue tourmaline as inclusions which exhibit distinct 
pleochroism ; viz., pale greenish-blue parallel to O, and pale brownish- 
green parallel to E. The absorption is O > FE. These crystals show 
negative elongation and straight extinction. Between crossed nicols all the 
inclusions, excepting the black ones, stand out prominently due to the dark 
background supplied by the isotropic garnet. 


The Acicular inclusions.—When the garnet sections are examined under 
the microscope under low power, the main garnet mass is clear and pure, 
whereas under high power numerous needles of a doubly refracting mineral 
are visible. Such needles have not so far been reported to be present in 
the garnets of this area. Similar acicular inclusions were, however, 
observed by Holland® in the garnets of the Charnockite series, and subse- 
quently also by Fermor* in a garnet from a pegmatite dyke in Biradavole 
(Nellore District). 

On close examination these acicular inclusions show a great regularity 
of arraugement, lying almost parallel to a definite group of dodecahedral 
edges of the garnet, thus showing that they are oriented with some reference 
to the crystallographic habit of the garnet which encloses them. This 
feature reveals that sections taken parallel to any of the dodecahedral faces 
would show the same phenomenon and such was actually found to be the 
case. Further, this arrangement of the inclusions would imply that a 
section cut parallel to a dodecahedral face should reveal not only the 
parallel sets of needles referred to above, but in addition, the cut ends of 
the other groups of needles lying parallel to the other dodecahedral faces. 
These points, however, could not be detected under the microscope, even 
under very high powers. Nor could they be detected when the sections 
were examined between crcssed nicols. 

These needles are highly birefringent and show slight variations in 
optical properties between crossed nicols although they exhibit uniformity 
of shape and arrangement, e.g., needles of almost all the parallel sets, 
excepting one, show straight extinction and have positive elongation. ‘The 
needles of one set, hcwever, show oblique extinction ; the extinction angle 
is generally small, but occasionally, it is as high as 30°. 
needles differ in length in the various sets. 


Further, the 
The longer needles are found 
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to lie on the plane of the section whereas the short needles which exhibit 
oblique extinction are perhaps due to the tangential sectioning of a system 
of needles not lying in the plane of the section. 

In sections cut parallel to the dodecahedral faces they form two defi- 
nite parallel sets, the needles of one set intersecting those of the other at 
angles of approximately 70° and 110° respectively. Almost all the needles 
lie in the plane of the section and they are of almost equal length. ‘They 
show straight extinction and are positive in character. 

Sections cut parallel to the faces of the octahedron, show three sets 
of needles intersecting one another at an angle of 60°. A similar observa- 
tion was made by Holland’ in his investigations of the garnet from the 
Charnockites. Of these three sets of needles, two lie in the plane of the 
section and show straight extinction, but the third set which does not lie 
in the plane of the section gives oblique extinction. ‘The needles of the 
latter set are shorter than those of the other two. 

Sections cut parallel to the faces of the cube show two sets of needles 
of more or less equal length, intersecting each other almost at right angles. 
These two sets of needles show straight extinction and positive elongation. 

Owing to the extreme fineness of these needles, it was not found possi- 
ble to carry out a detailed microscopic study with a view to investigate 
their precise mineralogical nature, or optical properties. Hence it was not 
possible to study these needles in detail and compare them with those 
examined by Holland’. There is some evidence, however, to believe that 
these needles differ from those examined by Holland. He noticed in addi- 
tion to the minute points of light representing the cut ends of the needles 
between crossed nicols that oblique extinction was more common and 
therefore concluded that the mineral was biaxial, whereas in the present 
study, straighc extinction was more generally met with in all the sections. 
Further, these specimens possessed fewer sets of needles than those examin- 
ed by Holland. ‘The microscopic charactets cited above—excepting for 
those needles which show slight oblique extinction—indicate them to be 
either sillimanite or rutile, as was suggested by Fermor® in his work on 
similar needles in the garnet specimen from Biradavole. This view was 
tested as follows: The titanium content of the entire garnet was first 
determined. Then the grains of the black mineral which were visible in 
the crushed garnet were separated and as it was suspected that they were 
ilmenitic, their titanium content was carefully determined. A micro- 
metric estimate was also made of the percentage of the black inclusions in 
the entire garnet. The results are given in Table IT. 
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TABLE II. 





Specimens oe M | N O ? Q 


| 
TiO. content .. 1-05 1-25 | 65-9 0-01 0-007 per cent. 














Specimens M and N were two different crystals of garnet, and O was 
the black inclusions separated from M and N. Specimens P and Q were 
the residues cf M and N after removal of O. The micrometric estimates of 


the black mineral in specimens M and N were roughly 1-6 and 1-9 per cent. 
respectively. 


From these data, which are given in Table II, it appears obvious that 
all the titanium contained in the garnet was traceable to the presence of 
the black inclusions, thus suggesting that the acicular inclusions contained 
no titanium, and therefore could not be rutile. So these inclusions are 
probably sillimanite. The calculated mineral composition of these garnets 
(Table V) also supports this view as there is an excess of Al,SiO; present in 
these garnets. 


Other inclustons.—The black opaque inclusions® found in these garnets 
present sometimes a streaky and granular appearance suggesting replace- 
ment of some other mineral originally present in the garnet. Further, 
these inclusions are not affected by the parting planes present in the striated 
garnets. 


The larger transparent inclusicns are mostly quartz, but there is also 
present some white mica and tourmaline. The quartz crystals sometimes 
show correded borders, but are usually rounded in appearance, although 
prismatic crystals are also met with. They range in size from very fine 
granules to considerably large crystals which can be easily seen even with 
the naked eye. Sometimes the quartz inclusions occur in such abundance 
that the garnet presents a more or less spongy appearance. These quartz 
crystals have no definite orientation and are not evenly distributed through- 
out the enclosing mineral. Further, these inclusions were seldom observed 
near the periphery of the garnet crystals. 


The microscopic characters of the specimens taken for chemical analysis 
are shown in Table III. 














TABLE III. 


Mineralogy and Chemical Composition of Garnets 





153 














Specimens A B Cc A/1552 S 
General ap-| Free from cracks} Granular and| Specimen ap-| Similar to A| Similarto A 
pearance | traversed by nu- | pears to be purer | and C but the limo- 
} merous cracks than the others nite films are 
} more pronoun- 
ced than in the 
other garnets 
. | 
Inclusions: | 
1 


(a) Acicular| Acicular inclu- 
sions present 





Similar to A 


Acicular inclu- 
sions visible only 
under very high 
power 


Similar to A 


Similar to A 











(6) Other The quartz in-| Similar to A,| Similar to A,| Similar toA Similar to A. 
types clusions are| but the amount of} Black inclusions A few minute 
rounded in shape.| quartz is more | are present, but crystals of 
| A few minute in- | than in the other | not so abundant tourmaline are 
| clusions of a/| specimens, AjasinA also noticed 
black opaque | few minute _in- 
mineral resemb- | clusions (not aci- 
ling ilmenite are | cular) of rutile 
also met with are present in 
addition to the 
black inclusions 
Colour Pale pink Similar to A,| Same as A Pale pink to| Similar to A, 
but deeper and colourless but darker 
tinted yellow 
Parting planes) Absent Absent There is an in- Absent The parting 
cipient develop- planes are very 
ment of the part- regular, appear- 
ing planes ing as well-de- 
| veloped _paral- 
| lel cracks 
Micrometric estimates of the constituent minerals in thesspecimens. 
Garnet = 95 87 96 94 94 per cent. 
Quartz ee = 3 10 2°5 + 4 ” 
IImenite = 2 3 1-5 2 2 ses 























Methods of chemical analysis—The material for chemical analysis, 
determination of specific gravity, and also for preparing sections was taken 


from the same specimen. 


mate the rare earths, alkalies and beryllium. 


Separate crystals were, however, used to esti- 


The complete analysis of the various specimens was carried out as 


follows. 





The finely powdered specimen was fused in a covered platinum 
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crucible with nearly four times its weight of a mixture of the anhydrous 
carbonates of sodium and potassium in the ratio of 3:1. Other fluxes 
were not so effective. The mineral was completely decomposed in about 
45 minutes. 


The cooled melt in all the cases was bluish-green revealing the presence 
of manganese. The melt was dissolved in HCl, and the silica and the other 
oxides like Al,O,, FezO,, CaO and MgO were estimated in the usual manner, 
calcium being precipitated twice as oxalate to effect complete separation 
from magnesium as these two were present in more or less equal quantities. 
Titanium and magnanese were determined colorimetrically. 

Alkalies.—After careful testing of the reagents, three Lawrence Smith 
fusions were carried out on separate portions of the mineral for determining 
the amount of alkalies present. These garnets were, however, found to be 
practically free from alkalies, containing probably less than 0-01 per cent. 


Ferrous tron.—The hydrofluoric acid method of Pratt, modified by 
Hillebrand,® was followed with slight modifications. The method was found 
to be very reliable when worked with standard fe1rous sulphate solution. 
No appreciable change in the result was noticed even after heating the 
solution for a long time on the water-bath in an atmosphere of steam and 
CO,. The error in the determination due to the divalent manganese 
present was negligible. 

Rare earths.—Search for the rare earths was made in the usual manner 
by oxalate precipitation from a sulphuric acid solution of the mineral. 
A minute trace of rare earths was detected in specimen A. 


Berylliwm.—Test for beryllium was carried out by using the organic 


indicator quinalizarin (tetrahydroxy-anthraquinone). A minute trace of 
beryllium was also detected in specimen A. 


The results of the chemical analyses are given below in Table IV. The 
figures under specimen X are those’ given by Swaminathan. Specimen 
Y is obtained from A by removing most of the inclusions by magnet and 
a heavy liquid (methylene iodide). Specimen Z is obtained from A/1552 
after removing all the black inclusions by magnet. 























~ 
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TABLE IV. 























Garnets A | B Cc lasis52 S | Y | Z xX 

| | | 
SiO, ..| 38-90 | 42-99 | 39-02 | 39-85 | 39-35 | 38-40 | 39-90 | 36-10 
Al,0, ..| 22-66 | 20-38 | 21-18 | 21-07| 23-43 | 21-90 | 21-20 ! 21-57 
Fe,0, ..| nil | nt | 1-27] 0-08] 2-44] 0-22] 0-30 | 27-78 
FeO ..| 26-69 | 25-82 | 26-83 | 26-36 | 25-60] 27-84 | 25-50| 4-24 
TiO, ..| 1-05] 1-46] 1-07| 1-25] 0-92] 0-14] 0-007] 0-48 
mmo ..| 0-25| 0-09] 0-11| 0-03! 0-21] 0-26] 0-03} trace 
Cad ..| 6-37 | 6-23] 3-47| 5-80] 3-19] 6-89] 5-85 | 5.86 
MgO ..| 4-25| 2-23] 6-30| 5-58] 4-69] 4-60| 5-60] 3-92 
Loss on 
ignition) 0-12) 0-12! 0-16| 0-11| 0-06 
Total ..| 100-29 | 99-32 | 29-41 | 100-13 | 100-09 | 100-25 | ¢8-39 | 99-95 

















The specimen X analysed by Swaminathan reveals a preponderance of 
ferric iron over ferrous iron whereas in the specimens employed for this 
work, the reverse is always the case. 


The results given in Table IV show that these specimens vary in 
chemical composition. This is due to fluctuations in the distribution of 
the individual types cf garnet and also of the inclusions. These factors 
afford an explanation for the variations in colour and other physical 
properties observed in different specimens. 

The amount of silica present varies from 36 to 43 percent. roughly as 
is usual in such garnets. But when the results are converted into garnet 
molecules (Table V) all the analyses show an excess of silica and alumina. 
This alumina is expressed as Al,O,S5i0, and any silica kft over is expressed 
as quartz. All of them except specimens A and B, show the presence of 
ferric iron, which is due partly to the limonite present in the mineral and 
partly also to a slight oxidation of the ferrous iron during the determina- 
tions. The ferric iron is, therefore, expressed as ferrous iron and excess 
of oxygen (Table V). Specimen B shows a relatively high percentage of 
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TiO, which is probably due to small isolated grains of rutile in addition to 
the ilmenite present in all the specimens. 

The percentage amounts of minerals present in the specimens are 
calculated as usual from the results given in Table TV. Table V presents 
the mineralogical compositions of these garnets. These results agree with 
the micrometric estimates which were carried out in a few cases. ‘The per- 
centage of sillimanite in Table V obtained from chemical data is much 
higher than that from microscopic evidences. Further work is necessary 
to elucidate this anomaly. 


TABLE V. 









































| 
Garnets A B C A/1552 8 | Y 
Spessartite --| 0-50 0-17 0-25 0-05 0-50 0-50 
(0-55)| (0-21)| (0-28)| (0-06)| (0-57)! (0-51) 
= | Pyrope ..| 14-10] 7-50] 21-10/ 18-76 | 15-68 | 15-41 
2" | (15-47)| (9+25)| (22-63)| (20-22)| (18-03)! (15-54) 
a 
$ | Almandite .-| 59-39 56 -72 62 -55 58 -31 62 -22 64-72 
(65 -16)| (69-94)| (67-09)| (62-85)| (71-53)| (65-27) 
© |Grossularite ..| 17-16] 16-71| 9-32 | 15-66| 8-58| 18-52 
(18-82)} (20-60)| (10-00)| (16-87)| (9-87)| (18-68) 
Total pure 91-15 | 81-10 | 93-23 | 92+78 | 86-98 | 99-15 
garnets (100 -00) | (100 -00) | (100 -00) | (100 -00) | (100 -00) | (100 -00) 
Sillimanite ia 4-64 4-86 1-73 1-30 7-45 0-76 
m2 
a 
& | Quartz 73 2 +36 10 -65 2 -52 3 -60 3°72 0 +32 
=) 
= j Loss on ignition 
Sg calculated as 
S| 4.0 ..| O12] 0-12} 0-16] 0-11] 0-06 
~ 
eo 
= | Ilmenite* a 2-13 2-74 1-98 1-98 1-82 0 +25 
oO; 
LO, Pe hee! me 0-13} 0-01] 0-24] 0-02 
Total ; | 100 -40 99 -47 99-75 99-78 | 100-27 | 100-50 




















* The black mineral observed under the microscope is assumed to be Ilmenite as its 
real constitution is not yet fully known. Figures within brackets indicate the percentage 
amounts of the respective garnets in the total garnet. 
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In all these specimens the garnet mass is an isomorphous mixture of 
four types, vtz., almandite, pyrope, grossularite and spessartite, the amount 
of spessartite however being very low. Comparison of the data given in 
Table I with those specimens given in Table V indicates that in specimens 
containing large amounts of almandite, the intensity of the pink tint noticed 
visually varies with the amount of pyrope present inthem. This observation 
helps us to explain the intense rose colour of rhodolite garnet which is known 
to carry large amount of pyrope. Observations of the sections under the 
microscope, however, indicated that the intensity of the pink colour of the 
section (Table III) varied with its almandite content.!° 

These garnets possess the accepted constitution as can be seen from 
Table VI where their chemical compositions are expressed in terms of the 
molecular ratios 3RO: R,O, : 3SiO,. 











TABLE VI. 

Specimens 3RKO R,0O, | 38i0, 
A 2-74 1 2-92 

B 2°73 1 3-59 

C 2-97 1 3-09 
A/1552 2 -99 1 3-21 

S 2-50 1 2-87 

Y 2 -93 | 1 2 -99 











The above ratios show a fair agreement with the theoretical require- 
ment 3: 1:3, but most of them show an excess of R,O, group as well as of 
silica. This excess over the normal ratio is accounted for as stated earlier 
by the presence of sillimanite on the one hand, and of quartz on the other. 


Discussion. 


The chemical composition of garnets has been plotted by Fermor™ in 
a diagram which shows the general relationship between their mode of 
occurrence, composition and mutual relationship. In Fig. 3, the per- 
centages of the various individual garnets occurring in each specimen are 
plotted in a straight line parallel to the Y axis, and the points so obtained 
A4 7 
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Diagram showing the composition of the garnets. 
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Diagram showing the relationship existing between chemical composition, 
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for each are joined by straight lines. This diagram shows the abundance 
of each garnet in the various specimens thereby revealing their mutual 
telationship. The curves do not show marked fluctuations from the hori- 
zontal and therefore indicate that these garnets belong to a definite and 
single series, ranging from the pyralmandites proper to the Calc-pyral- 
mandites. These curves when transposed on to the diagram of Fermor 
suggest that these garnets occur either in argillaceous crystalline schists or 
granite-pegmatites which intrude into the former. This suggestion is in 
conformity with the results given in this paper. 


The composition of these garnets can also be plotted in a triangular 
diagram as has been done by Ford.” In Fig. 4, the garnet molecules of 
the three main types met with in this work, viz., pyrope, almandite, 
and grossularite, are represented at the three corners of an equilateral 
triangle and their specific gravities and refractive indices are also indicated. 
The three meridians are divided to show the relative abundance of the three 
types composing the total garnet. The heavy lines show specific gravities, 
while the thin lines show the refractive indices. Each of the six circles, 
B, A, Y, etc., shown in the diagram represents the relative abundance of 
the three types of garnet in che corresponding specimens examined. 


It is seen from the diagram that all the six circles lie between two of the 
refractive index lines, viz., 1-800 and 1-785 and between two of the specific 
gravity lines, viz., 3-95 and 4-05. The refractive indices obtained from 
this triangular diagram are in close agreement with those of actual deter- 
minations. ‘The location of the points which indicate the composition of 
the garnet mass reveals the complete isomorphism of almandite and pyrope 
on the one hand, and almandite and grossularite on the other. It also 
indicates that isomorphism between pyrope and grossularite could exist 
when almandite is present to a large extent, and not otherwise. 


Summary. 


Specimens of garnet from the mica schist of the Nellore area have been 
examined by physical, chemical and optical methods. The following con- 
clusions can be drawn from the results obtained :--- 


1. There is considerable variation in the properties, both physical 
and chemical, among the specimens examined. Each specimen has been 
found to comprise a mixture of four types of garnet, viz., almandite, pyrope, 
grossularite and spessartite, the proportion of the last named being very 
small. 
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2. The abundance ratios of the four types of garnet vary among the 
specimens examined. This offers an explanation for the variation in colour - 
and other physical properties among the specimens. 


3. The inclusions noticed visually in the garnet specimens consisted 
of quartz, and ilmenite, and these were found to be present in different 
amounts in the specimens examined. The variations in the colour and 
other physical properties in the specimens were also traceable to this cause. 
Careful microscopic examination revealed the presence of acicular inclu- 
sions in all the specimens, but to different extents. These acicular inclu- 
sions appear to be sillimanite and not rutile. 

4. The composition of the garnets studied have been plotted in a 
triangular diagram which expresses the relationship between composition, 
specific gravity and refractive index of garnets. 

5. The composition of these garnets have been plotted in a diagram, 
which shows the mutual relationship of these garnets. 


In conclusion, the author wishes to express his grateful thanks to 
Dr. K. R. Krishnaswami, for his keen interest and constant encouragement 
in the course of the work as well as for guidance in conducting the chemical 
analysis of these garnets, and also for much helpful criticism in the prepa- 
ration of this paper. His grateful thanks are also due to Sir C. V. Raman 
for affording facilities to carry out the microscopic examination of these 
garnets, and to the Director of the Geological Survey of India for the gift 
of a specimen from the Nellore area. 
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Acicular inclusions in garnet C. Black inclusion in garnet B, 400 
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In this paper we consider a space of paths, the paths being defined by the 
differential equations of order 3, 
(1) xO% +4 ai (x, x), x2), t) = 0. 

In order that a differential geometry may be associated with the paths, 
we assume that (1) and their equations of variation given by 
(2) ue + at, ue + at, wh! + at, wk = 0 


are tensor invariant under the transformation group. 


x* == F* (x, 28, --- 4%), t=? 
; ox’ : 
Fi = sx Fi | + zero. 








The equations (2) can be expressed in the tensorial form 
(3) (D3 u‘) + Pi (D2 uw) + Pi (Dw) + Piw =0. 
2 1 0 
where D is the tensor operator defined by 
Duwi = wt 4 oh yr 
1 
Dv; = v® ——- vi vU;, 
and Pi are the curvature tensors of various orders given by 
y 
a ; 
P, < Qo) = Sy; | 
; — 
(4) PR =any, — Sy? + 4 v) \ 


: ‘ : k 2 : ¢ : k . 5 ¢ : ™ | 
Pr = Gow — Bim Yr F(— Ye + VO Ye — Bye YF He HEY) | 





* The method and notation used in this paper are those of Prof. D. D. Kosambi, “ Path 
Spaces of Higher Order,” Quarterly Journal of Mathematics, 1936, 7, No. 26. 


I am indebted to Prof. D. D. Kosambi for suggestion and criticism in the preparation 
of this note. 
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7" ai ee a 
We make Pp, = 0, thus defining y} = } al.) . 


The equations of the paths can be expressed in the tensorial torm 
(5) = D2 (x) 4 3 Pi xO 4 
1 


= 0, where 


(6) ef = al — fay, A — § al. x0 


cleo 


form the components of a vector. 

The differential invariants of the space can be derived from the 
classical procedure of alternating all the fundamental operations that are 
tensor invariant. The fundamental differential operators are, 


3 ”) 
Os (1)i i r — a Q ote 
(7) Dwi = wt + yw, VY" = 3,0) und ) 


Alternating D and 7, we get 
(8) LY: (De!) — Diy.) | = My — 2yF Vu + Vicor ¥*. 


The last term in this is a tensort and hence can be neglected without loss 
of tensor invariance. Thus we get a new differential operator VY, defined by, 
z 
9 ee 2% 
( ) Vr aia ox) Yr Ve 


Alternating D and 7, we get another differential operator 77, defined by 
1 0 


ou! 


(10) V ue = dx (Or yh V xe! + QO; Vu + (Vv. Y}) w’, 
where 
(102) OF = 2/8 + yy!) — aby. 
Next we have, 
(11) [Ve Vi = V xt] = 0 and 
P) oui 
(12) 57 (Ye #) — Ye (SS) =0. 
The rest give us 
(13) [Ve Vi dilieas Vi Ve uy) = — yi] Vu. 
(14) [Vi Vi ue — Vi Ve] = — Vr u! [Phone] = V: it [Yjc2ye] 


r i 9,4 1 
+7 LV; (Vicon) — 2; 2 Vien] 





+ D. D. Kosambi, loc. cit., page 98. 





(15) 


whe 
(15: 


(16 
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(15) [Ve Vie — Vi Ve] = 27, [RA] 
1 1 1 1 2 21 

where 

(15a) Ri =% (Ve Py eu Vi Pi) 


(16) (Ve. Vi! —Vi View) = (Vi Vir + V- # [Re] 
z 0 0 x 1 1 2 21 
oo We u’ [3 (Ve Py + Vi Pi) + 2DR,— 3 Aj] 
where 
(16a) An = Vi airs) — by; Ve i 6D(V x Y})- 
(17) [Vv.vViet —- Vi Ve] = V7, (Ral + V, ow TRE — DRA] 
0 0 0 0 0 21 1 11 21 
+V,u[— RE + DRi, — D*Rs, + Pi Ri a Pp Ri, 
2 o1 11 21 1 21 + w= 


= PE Rh + Vi Vi (DP; = P') i Vi Yj (DPt = PA) 


+ uw [% (Vi An Ve An) a Dv; Verve Ve Viv) + Ri Rin 


where 
(17a) Ri Sa 3 (Vi Py sg Vi Pi) 
(175) Ri = (Vi PS ~ Wi Pi). 


(18) [V, (De) — DV: u')| 


0 


=v," (Dr, — Ph] — V, w [Pel +3 [AL — Vi iB 
2 1 0 1 p | 1 1 
”) ou! . Poy 
Q pa i — a =— —. 9 i pt hg 
(19) E (Vr) V x | 2V1 Ka 


%) ; oui 
a [3 (ye) — v- (FF) 
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From the above formule we see that the fundamental list of intrinsic 
invariants for the space under consideration consists of 


eee ee , da! 
(22) x, PS, Pi, view Ve Vive Ale and >- 
1° 0 1 i ot 
Others can be deduced from these by the application of the funda- 


mental differential operations (7). The following relationships hold among 
the invariants :— 


(23) (a) yy (x) = 8 
(0) yy 2 = = phen D(A) + ef] + 2 RY 
0 2 


(c) Ve Vi xa = Rie + [Ve Vi vi] adv)! 


0 


(d) Ve Vi mie = — Yio + [Vi (Vien) — 27% erm Yitzve) 260% 
(e) De(x") = — & —$P Ate 
(f) Vie = $ Pi — 2D(v, x) — § Aj, xt 
(¢) Vie ~~ oe eS vy (5) + # (VY, «) P; 
+ #0 [BRa + Ri : + Ry PE +4 PE Ri + yen (DPE — Ph) 


— Yen (DP; a Pi) — DRi, + D? "R ix] 


+ 4 (Dat) [2y, PL — Ag). 


Let us now find the tensorial form of the ihe fen 1.e., the 
equations that give the metric for our space, if one exists. Assuming 
f (x, x@), x@), t) to be the metric function, the Euler equations are 


. af d d a? df 

) aes —_ 

(24) ax! dt (5am) ” dt? (4) il 
We have 


Vil = fioys — Yi fan + fieym (2 yon + 4y;" yi = a(1)4)- 


@ io 
D vs dt (fay) an Yi Say me Qi dt (Sian) a Tie\m (2yj"y; ae ae", 








He 
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da? - , : d 
DV f = a few) + (ym 7 — YD) form — 20 ay (feen)- 
Hence we have 
‘ ‘ d a? 
Vif al Dv; f + 1D? Vif = Jovi “ey dt (fay) + df? (f(2):) Pi fin: 
The Euler eyuations assume the tensorial form 


{ D. D. Kosambi, loc. cit., p. 104, formula (4.9). 
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Introduction. 


THE investigation of wood by X-rays is still in its infancy but the results 
already obtained bid fair to be of considerable importance. ‘Till now only 
a few European woods like elm, ash, pine, oak, etc., have been studied in 
any great detail. The study of Indian woods by X-ray analysis offers 
a field of immense interest, and in the present paper the author has com- 
menced such a study. A general scheme of examination of wood divides 
itself naturally into two parts ; firstly, the exhaustive study of some typical 
woods and secondly, a comparative study of the various woods in relation 
to their structural properties. The Indian teak, on account of its abundance 
in India and great practical importance, has been first taken up for investi- 
gation. 

Teak (Tectona grandis) is found in India, Burmah, Ceylon, the Malay 
Peninsula and the East Indies. The tree grows to a height of 80-100 ft. 
and the trunk is 3-4 ft. in diameter in full-grown trees. ‘The colour of the 
wood varies from yellow to brown. The grain is straight and even. ‘The 
annual rings in the heartwood are of unequal thickness varying from about 
2mm.te 10 mm. Each ring consists of an outer brown compact layer and 
an inner layer of lighter tint which is less compact. The transition from 
the one layer to the other in the same annual ring is not sharp as in some 
of the European woods like oak or pine. The annual rings are, however, 
very well defined. 





1 R. O. Herzog and W. Jancke, Ber., 1920, 53, 2163. 

. Weissenberg, Z. Phys., 1921, 8, 20. 

Pienkowski, Z. Phys., 1930, 63, 610. 

Schmidt, Z. Phys. 1931, 71, 696. 

L. Clark, Applied X-rays. 

Freudenberg, Pap. Fab. 30 Tech. Wiss. teil., 1932, 189, 97. 
D. Preston, Phil. Trans., (B), 1935, 224, 131. 

.M. Miles Thomson and J. Hewitt, Nature, 1935, 136, 69-70. 
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X-Ray Studies of Wood, Lignin and Wood-Cellulose 


It is well known that wood gives an X-ray pattern more or less identi- 
cal with that obtained from fibres like cotton, ramie, etc., thereby showing 
that the cellulose in wood is of the same crystalline character. It has also 
heen noticed by earlier workers in the field that often the orientation of the 
cellulose micelles is far from perfect in wood.* This has been attributed to 
a spiral arrangement of the micelles in the fibre.* 


The following aspects of the problem have been investigated :— 

(1) The effect of extraction with different solvents and chemical treat- 
ment on wood-structure. This besides being of interest to the wood 
chemist has a speical significance in connection with the study of the magne- 
tic anisotropy of wood which the author has undertaken. More will be 
said about this later. 

(2) Study of wood-cellulose and lignin, isolated by standard methods. 


(3) Comparative study of the different layers in a healthy annual ring 
from the heartwood. 
(4) The effect of swelling. 


Experimental Detarls. 


A fine-structure-examination tube made by R. Seifert and Co., Hamburg, 
was used, the anticathode being of copper. The applied voltage across the 
tube was 40 KV. and the tube current was kept at 15 m.A. Exposures of 
24 hours were given where not specified otherwise. The dimensions of the 
specimens ranged from 0-5 to 0-8 mm. in thickness and about 5 mm. in 
length. 

In order to study the effect of extraction with various solvents and 
chemical treatment, the general procedure of the wood analyst was adopted 
in the preparation of the specimens. Though the sampling of wood in 
respect of size is important in analysis, it is not a decisive factor in this 
connection. However, the periods of extraction were prolonged and the 
method modified where necessary, in view of the comparatively larger size 
of the samples employed: ‘The specimens were all taken from the middle 
layer of an annual ring 8 mm. in thickness from a healthy even-grained 





* The micellar crystallite theory of cellulose structure favoured by Meyer and Mark 
has been adopted in the present paper as a working hypothesis, although there is diffe- 
rence of opinion on this Point. 

2 K. Weissenberg, loc. cit. 

Steinbrinck, C. bio!. Zbi., 1925, 45, 15. 

3 Hawley and Wise, The Chemistry of Wood ; The Chemical Catalogue Co., 1926. 

Schorger, Chemistry of Cellulose and Wood, McGraw-Hill Book Co., 1926, 
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part of the heartwood. They were subjected to the following treatments 
in succession and the X-ray pattern taken at each stage :—- 

(a) Specimen as such dried at 102°C. for 6 hrs. 

(b) Extracted with alcohol-benzene for 12 hrs.; then washed andj 
extracted with boiling water for 2 hrs. and finally washed and dried at 
102°C. for 6 hrs. 

(c) Sample (b) was then extracted with 1 per cent. KOH for 2 hrs. in 
a flask with reflux condenser, washed with warm water, treated with | per 
cent. acetic acid, finally washed with warm water and dried at 102°C. for 
6 hrs. 

(d) After the above extractions the sample was chlorinated by the 
Cross and Bevan method with an apparatus similar to that of Sieiber and 
Walter. The wood-cellulose was thoroughly washed with hot water and 
dried at 102°C. for 6 hrs. Great care was taken in the manipulation so that 
the specimens did not get distorted. It was possible to get excellent white 
celloulse which retained perfectly the shape of the original specimen of wood. 

The X-ray patterns were all taken with the tangential sections of the 
wood-specimen perpendicular to the incident X-ray beam, where not speci- 
fied otherwise. ‘The distance from the specimen to the film was 5-01 cm. 


Lignin was prepared by Ritter’s method.’ Ritter has separated two 
types of lignin by treatment of wood with 72 per cent. H,SO,; one is the 
‘amorphous ’ lignin which separates out from the bulk and the other is that 
which retains a continuous structure and the shape of the originai wood- 
specimen. ‘The dimensions of the pieces used for extraction were 1 x 2x5 
mm. After washing, and drying at 102°C. samples 1 mm. in thickness 
were cut out from the bigger pieces. 


For the study of swelling the following arrangement was adopted. 
The specimen taken from the compact layer of an annual ring 8 mm. thick 
after being soaked in water for 36 hrs., was fixed in the middle of a cup-like 
hollow made of soft wax, about 4 mm. deep. The cup was filled with water 
so that the specimen is throughout the duration of the exposure saturated 
with water. The X-ray beam is incident on the part of the specimen 
projecting above the water level. Two patterns were obtained, cne on each 
half of the same film, with the dry specimen and with the specimen soaked 
in water, respectively. The complete X-ray diagram of soaked wood was 
also taken separately for purposes of measurement. 





* See Dore, Ind. Eng. Chem., 1920, 12, 264. 
5 Ritter, Ind. Eng. Chem., 1925, 17, 1194. 
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The mean results of a partial analysis of three samples of heartwood 
(in the form of powder passing 60- but not 100-mesh sieve) are as follows :— 


Ash 5 as = <4 -- O47 
Alcohol- Benzene and boiling water 

soluble portion om sg . ey 
Lignin es ik i . Sere 
Cellulose .. as va ns .. 47-9 ¥ 


/O0 
The determinations were made on oven-dry sample. Lignin was estimated 
by the sulphuric acid method. For cellulose determination, the proce- 
dure recommended by Dore was adopted, the sample being extracted with 
alcoholbenzene and hot water before chlorination. 


Discussion. 


Chemical treatment can affect wood-structure in two ways: (1) it can 
bring about a change of micellar orientation in the fibres and (2) it can cause 
a modification of the crystal lattice due to the formation of some cellulose 
derivative (we do not consider here these changes which radically alter 
the cellulose structure). A familiar instance of the change brought about 
in the lattice spacing is the formation of hydrate-cellulose when native 
cellulose is treated with fairly concentrated alkali.6 It is well known that 
a perfect fibre pattern corresponds to the rotation pattern of a single crystal, 
the spots being sharp and distinct. When there is defective orientation 
with respect to the fibre-axis the spots are drawn out into arcs, and in the 
case of complete dis-orientation the arcs become rings. The X-ray diagrams 
(a), (b), (c) and (d) are those of untreated wood, wood extracted with 
alcohol-benzene and boiling water, wood extracted with alcohol-benzene 
and boiling water followed by 1 per cent. KOH, and chlorinated wood 
(Cross and Bevan cellulose) respectively. 

On examination of the patterns it was found that no detectable 
changes in the lattice had taken place. This is an indication that the cellu- 
lose remains unaffected throughout, as regards its crystalline character. 

The following points were, however, noted :— 

(1) Variation in the relative orientation of the micelles takes place at 
each stage of extraction or chemical treatment. 

(2) There is a progressive decrease in the background scattering after 
each stage of extraction or chemical treatment. 


(3) The pattern of wood-cellulose is less intense than that of wood. 





® K. H. Meyer aud H. Mark, Der Aufbau der hochpolymeren organischen Naturstoffe, 
Leipzig, 1930. 
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The change in the error of orientation of the micelles is significant, 
After the alcohol-benzene extraction the pattern becomes distinctly sharper 
indicating a better alignment of the cellulose micelles parallel to the 
fibre axis. There is also a slight increase in the sharpness after treatment 
with 1 per cent. KOH but on chlorination we again notice a dis-array setting 
in. This can be easily accounted for. The lignin in the middle lamella 
has been removed during chlorination creating spaces in which the micelles, 
can get slightly displaced and disoriented. 

The work of K. Kanamaru’ on the double-refraction of native cellulose, 
is noteworthy in this connection. He experimented with the fibres of 
ramie, hemp, jute, bamboo and straw. ‘These were extracted successively 
with alcohol-benzene, boiling water, | per cent. NaOH, and finally chlori- 
nated by the Cross and Bevan method. The orientation-angle of the 
micelles could be calculated from the data of double-refraction employing 
an elliptic equation given by Frey. For the birefringence of cellulose 
is due to the regular arrangement of anisotropic crystallites in the 
fibre, and when there is a change in the orientation of the 
crystallites there will be a corresponding change in the double-refraction 
also. K. Kanamaru has found that in the case of ramie and hemp the 
regularity of arrangement increases after each stage of extraction while in 
the case of highly lignified fibres like jute, bamboo and straw, there is a 
marked decrease inthe angle of dis-crientation after extraction with alcohol- 
benzene, water, and 1 per cent. NaOH followed by an increase on chlorina- 
tion. ‘There seems to be qualitative agreement between the results obtained 
by Kanamaru for highly lignified fibres and those obtained by the author 
for wood by X-ray analysis. From the X-ray diagrams the approximate 
angle of dis-orientation can be estimated. These come out to be (a) 30°, 
(b) 20°, (c) 15°, and (d) 25°, respectively. These may be compared with 
the angles calculated by Kanamaru for jute, 32°, 25°, 5°, and 23° respec- 
tively, from the data of double-refraction. 

The decrease in the background scattering is evidently due to the 
removal of the amorphous scattering matter during the successive stages of 
extraction and chemical treatment. 


The patterns also suggest that the dimensions of the cellulose micelles 


are of the same order of magnitude as found by Hengstenberg and Mark? in 
ramie. 





7 K. Kanamaru, Hel. Chim. Acta, 1934, 17, 1017-66. 
A. Frey, Koll. Chem. beihefte, 1927, 23, 48-49. 
®° J. Hengstenberg and H. Mark, Zeit. f. Krist., 1928, 69, 271. 
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There seems to be nothing characteristic of lignin in the patterns except 
the diffuse scattering. This confirms the amorphous eharacter of lignin, 
a fact which has also been recognised by earlier workers. As a further 
confirmation, the author has obtained the X-ray interference diagram of 
Ritter’s lignin, Figs. (e) and (f). This closely resembles that of an amor- 
phous substance like bituminous coal. In (e), time of exposure 4 hrs., it 
was just possible to make out a diffraction maximum on the film correspond- 
ing to a Bragg spacing of 4-3 A. (f) was obtained after 6 hrs. exposure 
and the diffuse scattering was sufficiently intense to mask the halo. If we 
assume that the changes brought about in the lignin-structure during the 
chemical isolation are not of a very drastic character in view of the fact that 
the lignin retains the continuous structure and the shape of the original 
specimen of wood, then it may be inferred that lignin is definitely amor- 
phous. 


Comparison of Figs. (g), (@) and (4) is very revealing. Fig. (g) is the 
pattern due to the brown compact layer of an annual ring 8 mm. in thick- 
ness from the heart-wood, (a) is that of the middle layer, and (h) of the 
ochre-coloured layer where the hollow tubular canals are most prominent. 
The first is a spot pattern indicating almost perfect orientation of the 
micelles. In (a) the spots are seen to be drawn out into ares, which means 
a slight error in the micellar orientation, while in (h) we have almost a ring 
pattern. A ring pattern here might imply, (1) a completely random arrange- 
ment of the micelles in the fibres, the fibres themselves being perfectly 
parallel to each other, (2) perfect orientation of the micelles in the fibres, 
but a haphazard arrangement of the fibres, or (3) both disorderly arrange- 
ment of the fibres as well as a large error in the orientation of the crystallites 
in the fibre. By examination under the microscope it was observed that 
in the less compact yellow layer the fibres were not placed quite parallel to 
each other, largely on account of the presence of the tubular canals. This 
by itself cannot, however, explain the ring pattern. We are led to conclude 
that there is also considerable dis-orientation of the cellulose micelles in 
the fibres in this laver. 

It is evident therefore that as we proceed from the most compact towards 
the least compact layers in an annual ring there is progressive dis-orientation 
of the cellulose micelles in the fibre with respect to the fibre-axis. We also 
find that in the most compact layers of wood the micellar orientation can 
be as perfect as in ramie. If the apparent dis-array of the micelles is due 
to a spiral arrangement, as has been proposed, then it may be inferred that 
the micellar spiral is flat in the one case and steep in the other. 
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S. Pienkowski and B. Schmidt have obtained similar results in the 
case of European avoods like ash, elm, fir, etc.1° Compact layers (spring- 
wood or summerwood as the case may be) showed good orientation of the 
crystallites whereas the less compact layers showed pronounced dis-orienta- 
tion. E. M. Miles Thomson and J. Hewitt have also reported an almost 
perfect micellar orientation in the case of oak, but their investigation is 
less complete.*_ The latter authors have not mentioned from which part 
of the annual ring their specimen was taken. This is, however, very 
important as shown by the results obtained by S. Pienkowski, B. Schmidt 
and the author in the present paper. 

It may be pointed out here that very often the workers in the field do 
not give the full botanical names of the woods they have investigated. 
By the mere designation such as pine, fir, or ash there is room for confusion. 
There are several species of these trees, in some of which the wood is hard 
and in others soft. For instance we have the soft pines and the hard pines, 
the structural properties cf which are very different. For any comparative 
study of the different woods by X-ray analysis in relation to their structural 
and other properties, it is essential to know details such as the species of 
the tree, its locality of growth, nature of the wood, etc. 

In Fig. (¢) we have the patterns of dry wood and wood saturated with 
water respectively, taken on each half of the same film. The swelling of 
wood is a highly interesting phenomenon. The pressures developed when 
wood swells are so enormous that even rocks can be split. Swelling has 
been studied by Katz, Hess and others in great detail.1* Katz describes 
the swelling of native cellulose as intermicellar since no essential difference 
could be observed in the X-ray interference diagram after swelling. In 
Fig. (7) we see that the diffuse scattering is more pronounced in the pattern 
of swollen wood. The complete pattern also was taken on a separate 
film and measured. No perceptible change could be observed in either 
the relative positious or the intensities of the spots.* A slight equatorial 
broadening of the spots could be noticed, obviously due to the slight 
increase in the thickness of the specimen on swelling. The water bands 
did not appear. There is also no perceptible change of micellar orienta- 
tion. The swelling of wood is evidently an intermicellar phenomenon. 
Recently a case of intramicellar swelling of cellulose has been reported by 





10 S. Pienkowski, Joc. cit. 
B. Schmidt, loc. cit. 
11 E.M. Miles Thomson and J. Hewitt, loc. cit. 


12 J.R. Katz, Trans. Far. Soc., 1933, 29, 279-97, is a resume of the work done on 
swelling. 


* See G. L. Clark, Ind. Eng. Chem., 1930, 22, 482. 
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I. Sakurada and K. Hutino, but here the swelling is brought about in 
a different manner. 


Fig. (7) is the pattern of the woody layer in the region of a knot, 
showing a large error in the micellar orientation. 

Patterns (k) and (l) are those of a wood-specimen placed with the 
tangential and radial sections respectively perpendicular to the X-ray 
beam. It can be easily seen that (k) is a much sharper pattern than (I). 
On examining the specimen under the microscope it was observed that 
the parallel arrangement of the tracheids was more perfect in the tangen- 
tial section. This would account for the relative sharpness of the spots 
in the one case and the diffuseness in the other. This would also explain 
why teakwood can be split in the radial section with greater ease. 


The patterns for the springwood of fir, and the summerwood of ash, 
obtained by B. Schmidt bear a close resemblance to that of the compact 
layer in teakwood, Fig. (g). This would indicate that there is no essential 
difference in the orientation of the micelles in the fibre in the compact 
layers of the coniferous trees (Gymnosperms) and the broad-leaf trees 
(Angiosperms). 

It has been mentioned earlier that the study of the effect of chemical 
treatment on wood-structure by X-rays has a special significance in connec- 
tion with its magnetic anisotropy. The author found that wood as such 
gave quite inconsistent values of magnetic anisotropy. This was attri- 
buted to the presence of miscellaneous matter and the procedure of the 
wood analyst was adopted to remove these and ultimately obtain wood- 
cellulose. After the alcohol-benzene extraction the values became remark- 
ably consistent. The specific anisotropy was found to increase after each 
stage of extraction. The X-ray studies were made in order to ascertain 
whether any change of structure or micellar arrangement had taken place, 
and if so to find out the exact nature of the change. The magnetic 
investigation is not yet complete but the results obtained clearly indicate 
that the crystalline element in wood is cellulose and that lignin as it 1s present 
in wood is amorphous. The details will be published later. 


In conclusion, I wish to express my sincere thanks to Sir C. V. Raman, 
Kt., F.R.S., N.L., for his kind interest in the work and valuable criticism. 
My thanks are also due to Dr. S. Rama Swamy for help given when taking 
the X-ray photographs. 


13 [, Sakurada and K. Hutino, Koll. Zeits., 1936, 77, 3, 346. 
Ad 
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Summary . 


The structure of teakwood has been examined by means of X-rays, 
It has been found that in the annual ring of the heartwood there is almost 
perfect micellar orientation with respect to the fibre-axis in the brown 
compact layer, while in the less compact layers there is a relatively large 
error of orientation. In fact, as we proceed from the most compact towards 
the least compact layer in the annual ring, there is progressive dis-orienta- 
tion of the micelles in the fibre. Extraction of wood with various solvents, 
and chemical treatment, are found to affect the disposition of the micelles 
relative to the fibre-axis to a marked extent, and these changes have been 
studied. It has been confirmed that when wood swells in water there is 
no change of crystal lattice; the phenomenon is intermicellar. Wood- 
structure near the region of knots and the structurel differences along tan- 
gential and radial directions have also been investigated. 








P. Nilakantan. Proc. Ind. Acad. Sci., A, vol. V, Pl. V1. 





. 


. Nilakantan. Proc. Ind. Acad. Sci., A, vol. V, Pl. VIT. 


Swollen Wood. , Dry Wood 
(i) 





















THE RAMAN SPECTRA OF CRYSTAL POWDERS. 
III. Exchange Reactions: NH,Cl and D.O. 


By. R. ANANTHAKRISHNAN. 


(From the Department of Physics, Indian Institute of Science, Bangalore.) 


Received February 10, 1937. 
(Communicated by Sir C. V. Raman, Kt., F.R.S., N.L.) 


1. Introduction. 


WHEN certain substances containing hydrogen are dissolved in water, there is 
apparently a continual exchange of the hydrogen atoms between the dissolved 
substance and the water. The discovery of heavy hydrogen and of heavy 
water has enabled a direct demonstration of this interesting phenomenon, 
and a number of observations on exchange reactions have been made during 
the last three or four years. Bonhoeffer and Brown (1934) first showed that 
all the four hydrogen atoms of ammonium chloride exchange immediately 
with water ; in the case of cane sugar or sucrose they found that while the 
hydrogen atoms of the —OH groups exchange with water, those attached 
to the carbons do not. Erlenmeyer and Gartner (1934) observed that in 
the case of the co-ordination compound Co [(NH,)], (NO,)s, all the eighteen 
hydrogen atoms stand in exchange relationship with water. These authors 
also established that in the case of a saturated solution of the salt in contact 
with excess of the solute, only the dissolved salt takes part in the exchange 
reaction. The hydrogen atoms of ammonia dissolved in water have also 
been found to exchange with water. Prof. G. N. Lewis (1933) has given 
a simple and lucid picture of the mechanism of exchange in this case. He 
regards ammonia in water as forming ammonium hydroxide and again 
dehydrating, the process proceeding back and forth with very great rapidity. 
Since all the four hydrogen atoms of the ammonium group are identical, each 
of them has got an equal chance of being lost during dehydration. Hence, 
when ammonia gas is passed into water of appreciable deuterium content, 
there must almost immediately arise a nearly random distribution of the 
hydrogen and the deuterium between the ammonia and the water. Con- 
versely, the experimentally observed fact that all the four hydrogen atoms 
of the ammonium ion in the case of a dissolved ammouium salt exchange 
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with water can be considered as a proof of the identity of the four hydrogen 
atoms of the ammonium ion. 

The usual procedure adopted in the study of these exchange reactions 
is to treat a known weight of the substance with a sample cf water of known 
deuterium content (density), distil off the water from the substance, and 
redetermine the percentage of deuterium in it. Diminution in the density 
of the water is an indication that exchange has taken place, and the magni- 
tude of the change in density gives a quantitative measure of the number of 
“loose ’’ hydrogen atoms per molecule of the substance. In investigations 
of this type, it is quite sufficient to employ water with a low percentage of 
deuterium content, since density changes can be estimated with an accuracy 
of one part per million. 

The question as to whether there is a fractionation of the hydrogen 
and the deuterium during crystallisation has been examined by a number of 
workers. Day, Hughes, Ingold and Wilson (1934) found that the fractiona- 
tion which occurs in the crystallisation of SrCl,-6H,O, CuSO,-5H,O, 
Li,SO,-H,O, Na,CO,-10H,O and K,C,0O,-H,O is, if anything, less than 
0-1 perceat. Erlenmeyer and Gartner (1934) found a similar result in the 
case of Na,SO,-10H,0O. 

Exchange reactions afford an easy means of preparing certain deuterium 
compounds, and it appeared to be of interest to apply the Raman effect to 
the study of a very simple reaction of this type. Ammonium chloride was 
chosen as a suitable substance for the investigation hecause the Raman 
spectrum of the ammonium ion in the case of crystalline ammonium halides 
has Leen recently examined by the author (1937) in some detail, and a know- 
ledge of the spectrum of the deutero-ammonium ion appeared to be of 
interest in this connection. The identical behaviour of the four hydrogen 
atoms of the ammonium ion in exchange reaction renders possible the prepa- 
ration of a whole series of d-ammonium chlorides-—-ND,Cl, ND,HCl, ND,H,C1, 
and NDH,Cl—-and although in practice we cannot isolate these in the pure 
condition, it is possible to vary thcir relative abundance in a given sample 
by suitable treatment with more or less of heavy water, and the spectral 
features can be correlated with the calculated abundance ratio of the various 
types of molecular species. If pure D,O is employed in the exchange reac- 
tion, the presence of hydrogen in the water after the treatment with the 
salt can be demonstrated by means of the Raman effect by photographing 
the specturm of the water distilled off from the substance, either directly 
or as water of crystallisation in a suitable salt. The present paper gives 
an account of experiments carried out in these directions, and the results 
obtained so far. 
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2. Experimenial. 


10 grams of 99-69% D,O presented to Professor Sir C. V. Raman 
by the Norsk Hydro-Elektrisk Kveelstofaktieselkab and kindly placed by 
him at the author’s disposal was employed in the present investigation. The 
NH,Cl used was Kahlbaum’s analytical reagent. 

(i} 1-5 g. of NH,Cl were dissclved in 5 g. of D,O in a specially 
made apparatus of pyrex glass. The solution was kept cooled in ice while 
the apparatus was evacuated and sealed off. By gentle warming of the 
solution on a water-bath, the water was distilled off from the ammonium 
chloride into a tiny Raman tube. The tube containing the distillate was 
sealed off from the residual salt, and the Raman spectrum of the water was 
photographed on a Hilger two-prism spectrograph. Using a slit width of 
-075 mm. and condenser illumination from a pyrex mercury vapour lamp, 
an exposure of about six days was found necessary to photograph a spectrum 
of reproducible intensity (Fig. 2b in the plate). 

The spectrum of the crystalline salt recovered from the solution was 
photographed on a Fuess spectrograph by the technique of complementary 
filters described previously by the author (1937). A4046 was the exciting 
line, and with a slit width of -05 mm. an exposure of 72 hours gave a spec- 
trum of sufficient intensity comprising about a dozen Raman lines showing 
a wide range of intensities. Fig. 1) shows this spectrum ; the spectrum of 
pure NH,Cl is reproduced as Fig. la fer comparison. While the Raman 
spectrum of the original ammonium chloride was completely free from back- 
ground, the salt recovered from the heavy water was found to have become 
slightly fluorescent so that longer exposures could not be tried. 

(ii) 0-77 g. of the salt obtained from the first exchange reaction 
was redissolved in 3-5 g. of D,O and the water distilled off as hefore. 
The Raman spectrum of the residual salt was photographed in the manner 
described above. ‘The spectrum thus obtained showed a selective weaken- 
ing of certain lines when compared with the first photograph, and a dis- 
appearance of certain others (Fig. Ic). 

(iii) About 4 g. of crystalline strontium chloride, SrCl,-6H,O 
(Kahlbaum ‘‘ reinst ’’) was transferred to a clean crucible and was thorough- 
ly dehydrated by strong heating. It was then maintained at 110° in an 
oven for a few hours. About 1 g. o: the anhydrous salt was dissolved in 
the water recovered from the first exchange reaction in a pyrex double bulb 
and the excess of water was carefully distilled off by gently warming the 
solution and keeping the other bulb cooled in ice. The spectrum of the 
crystalline salt left behind was photographed on the Hilger spectrograph. 
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The spectrum obtained after an exposure of 70 hours (slit width -06 mm.) 
is reproduced in Fig. 2c. Fig. 2a shows the Raman spectrum of SrCl,-6H,O 
crystals photographed under the same conditions. 
3. Results. 
The Raman frequencies of pure crystalline ammonium chloride and 
those observed after the two respective treatments of the salt with D,O as 
described in the preceding section are given in Table I :— 


TABLE I. 





£ : | 
Ammonium chloride (pure 
crystals) 


1398(Is) 
1424(0d) 


1709(3s) 2009 2813 3040 3142 
1750(1s) (1bd) 3bd 8bd 5bd 





Ammonium chlnride (crys- | 1065 1125 1215 2113 2145 2214 2275 2346* 3060 3141 
tals after first treatment Is 0 4s 2s 2s 6b 5b 6od = I4hbd 2bd 
with D.O) 








Ammonium chloride (crys- 1065 — 1215 2113 2145 2214 2275 2346* — 3140 
tals after second treat- ls ts 2 14 6b 13 6bd tbd 
ment with D,O) 





* Raman band, width ~ 50 cm~', difuse towards the longer wave-length side. 


The spectrum of the water distilled off from the ammonium chloride 
after the first treatment shows the Raman bands of D,O very strongly, but 
in addition to these, the picture shows a second system of faint bands in 
the positions corresponding to the principal Raman band of ordinary water 
(see Fig. 2b). The Raman spectra of the two types of water have been 
discussed by the author on a former occasion (1935). The frequency shifts 
of the Raman bands recorded in the present investigation are given in 
Table II alongside with the Raman frequencies of pure H,O and D,O. 

















TABLE II. 
HO | 180 1665 3220 3432 ©3600 
(st) (f) (st) (v.st) (f) 
D.O | 175 1220 2430 2512 2670 
| (st) (m) (st) (v st) (m) 
Water recovered 175 1220 _ 2630 2512 2670 3220 3432 —_ 
from the first (st) (f) (st) (vst) (£) (f) (m) 


exchange. reac- 
tion 














Th 


— 





The Raman Spectra of Crystal Powders—I11 179 


Table III gives the Raman frequencies observed in the spectrum cf 
SrCi,-6H,O and those observed in the spectrum of the same salt crystallised 
from the heavy water recovered from the first exchange reaction (see Fig. 
2a and c). 


TABLE III. 








change reaction 


StCly 6H,0 3217 3284 3363 3433 
1 $ 2 10b 
SrClo crystallised from the | 1205 2335 2507 2533 3367 3435 
water after the first ex- | 0 Od 8b 4 0 (1b) 
| 





4. Discussion of Results. 


The results contained in ‘Tables I, II and III, as well as Figs. 1 and 2 
in the plate afford a striking Cemonstration of the exchange reaction between 
aminonium chloride and heavy water. In order to interpret these results, 
we have to compute the ratio H: D in the ammonium chloride and in the 
water after the exchange has taken place. 

(i) d-Ammontum chlorides.—lf we assume a random distribution of the 
H and I) atoms between the ammonium chloride and the water in the solu- 
tion, then the ratio H : D in the ammonium chloride and the water obtained 
from the first exchange reaction works out as 1: 4-36. For this abundance 
ratio of the hydrogen isotopes, the percentage abundance of the various 
d-ammonium chlorides in the salt is given by a simple calculation based on 
probability considerations. ‘The calculated results are given below :— 


ND,Cl = 43-6% 
ND,HCl = 40-2% 
ND,H,C1 == 13-8% 
NDH,Cl = 2-1% 
NH,Cl = .. 


Fig. 1b is thus the Raman spectrum of a mixture of the various d-ammonium 
chlorides in the above proportion. Since only the first three types are 
present in any appreciable percentage, we conclude that all the observed 
Raman lines arise from these three types of molecules, of which ND,Cl and 
ND;HCI are relatively more important. 
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In the second exchange reaction, the ratio H : Din the salt attains the 
value 1:34, and for this abundance ratio of the isotopes, the calculated 
values of the percentage abundance of the d-ammonium chlorides ate 


ND,Cl =89-0% 
ND,HC] = 10-5% 


ve . 





Fig. lc is the Raman spectrum of this sample of ammonium chloride and by 
comparing this spectrum with Fig. 1b, we are able to assign the observed 
Raman frequencies uniquely to the various types of d-ammonium chlorides, 


As we see from Table I, the observed frequencies fall into three distinct 
groups. ‘The first group comprises the two diffuse bands 3060 and 3140 
present in Fig. 1b which, of course, arise from N-H valence oscillations. 
The former of these has disappeared in Fig. lc and the latter though still 
present has become much less intense. These facts show that we ought 
to associate the 3060 band with ND,H,Cl and the 3140 band with ND,HCl 
molecules. On account of the diffuse nature of these bands, it is by no means 
certain that there is not a partial or total superposition of the other N-H 
frequency of ND,H,Cl which we should expect in this region with the N-H 
band of ND,HCl at 3140 cm.-! 


The five prominent Raman frequencies 2113, 2145, 2214, 2275 and 2346 
present in Fig. 1b) form the second group, and their magnitudes show that 
they are associated primarily with the stretching of the N-D valence bonds. 
In this group we notice that the Raman line at 2275 has become very much 
weaker in Fig. lc. We therefore conclude that this frequency arises from 
ND,HCl molecules. The remaining four frequencies which retain more or 
less the same relative intensities are thus to be identified as those pertaining 
to ND,Cl. It is, however, not improbable that even here superposition of 
the N-D frequencies of ND,Cl with those of ND,HCl and ND,H,Cl cccur, 
particularly in the case of the broad Raman band at 2346 cm.-! 


— 


frequency shifts are 106! 


The third frequency group comprises three faint but sharp lines whose 
9, 1125 and 1215 cm.-! These are 6 (N-D) vibra- 
tions as their magnitudes show that they cannot invelve any appreciable 
change in the length of the N—-D valence bonds. ‘The first and the third of 
these frequencies persist in the spectrum of the salt even after the second 
exchange reaction while 1125 disappears. The latter can therefore be 
attributed to ND,HCl while the other two are characteristic of ND,Cl. 
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We are thus led to the following classification ot the ten frequencies 
shown by the ammonium chloride after the first exchange reaction, 


TABLE IV. 














ND.H.Cl | 3060 
(1$bd) 
ND,HC1 | 1125 2275 3140 
| 0 (50) (2b) 
eactaeasy 
ND,Cl 1065 1215 2113(2) 2214 2346 
(1s) (4s) 2145(14) (6b) (6bd) 





(ii) NH,Cl and ND,Cl.—It is of interest to compare the Raman frequen- 
cies of ND,Cl with those of NH,Cl. Such a comparison is given below :— 














TABLE V. 
* a a (2y,) ae __Vs 
NH,Cl 1398( 1s) 1700(3s) 2009) 2813 3040 3142 
1424(0d) 1750( 1s) (1b) (30d) (85d) (Sbd) 
ND,Cl 1065( 1s) 1215( 4s) — 2113(2) 2214 2346 
2145(14) (6b) (60d) 
[ V2-y. = 1718] [ ¥2-y, = 3131] 





In the author’s previous paper dealing with the Raman spectra of the 
ammonium halides, it was pointed out that the spectrum of the ammonium 
ion in crystalline ammonium salts shows a pronounced dependence upon the 
crystal structure as well as upon the nature of the anion. No definite conclu- 
sions regarding its constitution could be arrived at, because the experiment- 
ally chserved fact that practically ail the Raman frequencies of crystalline 
NH,Cl and NH,Br (and perhaps also of NH,I and NH,F) are present also 
in the infra-red absorption spectra of these halides, appeared a@ priori to point 
against the chemically postulated tetrahedral structure of the ammonium 
ion unless, as it is not unlikely, it be assumed that the crystalline environ- 
ment of the ion subjects it to perturbation of an unknown nature. Unfor- 
tunately, even a knowledge of the Raman spectrum of ND,C1 scarcely 
permits of deciding the issue one way or another. ; 

As we see from Table V, there is a general though not exact similarity 
between the spectra of NH,Cl and of ND,Cl. The frequency corresponding 
to the 2813 Raman band of NH,Cl appears to be split up into two 
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components 2113 and 2145in the case of ND,Cl. While the 2813 Raman band is 
practically in the position of the cctave of the lower frequency near 1400, 
we find that a corresponding relationship exists between the mean frequency 
shift of the doublet (2129 cm.-!) and the lower frequency at 1065 in the case 
of ND,C1. 

From the theoretical work of Rosenthal (1934) and others, we know 
that there exists a definite numerical relationship between the vibrational 
frequencies of the tetrahedral molecules AH, and AD, where H and D stand 
for the two hydrogen isotcpes. Using the four fundamental frequencies of 
CH, as determined from Raman and infra-red spectra, and employing the 
equations of Rosenthal, Dennison and Johnston (1935) have calculated the 
frequencies of the four deutero-methanes, CD,, CD,H, CD,H, and CDH. 
Although a tetrahedral molecule has, in general, nine distinct fundamental 
frequencies, symmetry considerations reduce this number to four in the case 
of CH, and CD,, and six in the case of CD,;H and CDH, ; all the nine frequen- 
cies are discrete for CD,H,. The investigation of MacWood and Urey (1936) 
on the Raman spectra of the deutero-methanes shows that several of these 
frequencies although theoretically allowed are not observed in the Raman 
spectra, while, surprisingly enough, a large number of overtones are observed 
in the spectra of these compounds. The observed fundamental frequencies, 
however, show a fairly good agreement with the calculated values. 

The totally symmetric and the doubly degenerate vibrations of a regular 
tetrahedral molecule do not involve the motion of the central atom, and 
since the A-~H and A-D bond strengths can be assumed to be equal, the 
corresponding frequencies of the AH, and AD, molecules ought to be very 
nearly in the ratio V2: 1. If we tentatively assume a tetrahedral structure 
for the [NH,]*+ and [ND,]*+ ions in the two ammonium chlorides, and classify 
the observed frequencies as in Table V, where v, and vy, stand respectively 
for the totally symmetric and the doubly degenerate and v, and », for the 
triply degenerate frequencies, we see that v, [NH,]+ and vy, [ND,]* stand almost 
exactly in the ratio V2 :1, taking for », the mean of the two observed 
frequencies in the case of NH,Cl. There is, however, a definite departure 
from this relation in the case of v, This may be connectrd with the fact 
that while in the doubly degenerate mode there is no appreciable change 
in the N-H and N-D distances, and consequentiy also in the distances of 
the H and P atoms from the surrounding chlorine ions, there is a sensible 
change in these distances for the totally symmetric vibration. 

A characteristic difference between the Raman spectra of NH,Cl and 
ND,Cl is noticed in the case of the Raman frequencies v, and v3. The 
corresponding Raman bands possess an identical structure in the spectrum 
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of NH,C!, although vy, is much more intense than v3. In the spectrum of 
ND,C1, we notice that v, and vg are essentially different in their structure, 
and the aggregate intensity of v, is certainly more than that of »,. 

(iii) Water of crystallisation.—The literature relating to the Raman 
spectrum of water of crystallisation is very scanty indeed, and as far as the 
author is aware, no one has so far examined the Raman spectrum of heavy 
water of crystallisation. Since it is the author’s intention to discuss this 
subject more elahorately in a subsequent communication, only a brief dis- 
cussion of the results of the present investigation will be added here. 

Strontium chloride, SrCl,-6H,O, was chosen as a suitable substance for 
the study of the Raman spectrum of the water of crystallisation in the 
present case because, in the course of a systematic investigation, the author 
noticed that this substance gives a very intense Raman spectrum; also, 
since the strontium chloride lattice is ionic and the icns are monatomic, we 
can be quite certain that all the observed frequencies are due to the water 
molecules, influenced, of course, by the presence of the neighbouring ions. 

As we see from Table III and Fig. 2, SrCl,-6H,O shows four Raman 
lines of widely differing intensities, the most intense of which at 3433 cm! 
coincides exactly with the most intense central component of the triple band 
cf ordinary liquid water. The Raman spectrum of SrCl, crystallised from 
the water obtained in the first exchange reaction (H: D = 1: 4-36) shows 
two distinct groups of Raman frequencies. The fainter group in the 3p 
region comprises two diffuse lines 3367 (0) and 3435 (1b), which coincide 
exactly with the more intense Raman lines of SrCl,-6H,O. We next find 
in the 4 region a pair of strong Raman lines 2507 (8b) and 2533 (4), and 
a faint one at 2335cm.-! The spectral position of the doublet is practically 
identical with that of the central component of the triple band of liquid 
D,O reported previously by the author (see Fig. 2). A faint but sharp line 
is also noticed in the crystal spectrum at 1205 cm.—! corresponding to the 
Raman band at 1220 in the spectrum of liquid D,O. 

An interesting point might be mentioned in this connection. If we 
denote by K the equilibrium constant of the reaction 

H,O + D,O = 2HDO 
then K = [HDO}?/[H,O] [D,O], and the magnitude of K is about 3 -3 at ordinary 
temperatures. On this basis, in the case of water with H: D = 1: 4-36 we 
should expect to find only a small percentage of H,O molecules and a larger 
percentage of HDO molecules. Since the ratio H: D is the same in the 
crystal water as in the original water, it might be expected that the percent- 
age distribution of the three different types of water is the same in the crystal 
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water also, Curiously enough, no evidence for HDO is found in the spec- 
trum of the crystal water. On the other hand, the H,O lines come out with 
reasonable intensity, and this suggests that perhaps all the water is present 
only as H,O and D,O molecules. Similarly no clear evidence for the presence 
of HDO could be obtained from the spectrum of the liquid water obtained 
from the first exchange reaction, although, of course, the extremely broad 
and diffuse nature of the water-bands renders accurate measurements more 
difficult in this case. 


Another feature worthy of remark is the apparent difference in the 
structure of the Raman frequencies of H,O and D,O in the crystal water of 
strontium chloride. This is seen from Table III as well as from the photo- 
graph reproduced in Fig. 2. 

In conclusion, the auther’s grateful thanks are due to Professor SirC. V. 
Raman for his kind interest and encouragement in the course cf the present 
work, 

Summary. 


The paper deals with the application of the Raman effect to the study 
of the exchange reaction between NH,Cl and D,O. The Raman spectra of 
the d-ammonium chlorides ND,Cl, ND,HC!l and ND,H,Cl obtained by 
exchange reactions have been reported. The spectral data are complete in 
the case of ND,Cl while they are incomplete in the case of the other two 
compounds. The Raman spectrum of ND,Cl is compared with that of NH,C! 
and discussed in some detail. The spectrum of the water recovered from 
the exchange reaction has been photographed directly and also as water of 
crystallisation in strontium chloride. The results are compared with the 
Raman spectra of liquid H,O and D,O in the one case, and with the spectrum 
of SrCl,-6H,O in the other. There appears to exist differences in the 
structure of the water band in the Raman spectrum of the water of crystal- 
lisation of the salt when H,O is replaced by D.O. 
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Raman Spectra of crystalline ammonium chlorides. 
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THE cyclic anhydrides form a class cf highly reactive compounds which take 
part in an enormous number of condensation reactions. No mements have 
been so far measured for at:y representative cyclic anhydride. In the 
present investigation the moments of phthalic citraconic and succinic 
anhydrides have been measured, the first two in benzene as solvent and the 
last in dioxane. The remarkable values for their moments are discussed 
in relation to the moments of analogous ccmpounds. 


Experimental. 


The moments were measured by the method of dilute solutions over 
a temperature range of 10° to 40°C. with the apparatus and details exactly 
as given in a previous publication.! The dioxane used as solvent was a pure 
sample which was dried over sodium wire and fractionally distilled alsc over 
sodium. Although the fraction collected had boiled steadily at its correct 
boiling point, its dielectric constant value was much lower than that obtain- 
ed on a previous occasion? for another sample of carefully purified dioxane. 
As, however, the molecular polarisation of the present sample showed no 
fall with temperature but a slight rise just as all non-polar liquids do, the 
experiments were proceeded with this. A search through the literature 
shows that dioxane does indeed behave erratically, its physical constants 
depending upon the duration of drying: the dielectric constant values for 
29°C. reported during the last four years range from 2-238 to 2-35.4 Phthalic 
anhydride was a Kahlbaum pure specimen, which was resublimed again, 





1M A. Govinda Rau, Proc. Ind. Acad. Sci. (A), 1936, 4, 687. 

2 M. A. Govinda Rau and B. N. Narayanaswamy, [bid., 1935, 1, 489. 

3 W.D. Kumler and C. W. Porter, Journ. Amer. Chem. Soc., 1934, 35, 2549. 
* W.J. Curran and H. H. Wenzke, [bid., 1935, 57, 2162. 
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and fractionally crystallised from pure benzene. Succinic anhydride 
(Kahlbaum pure) was freshly re-crystallised from chloroforin in order to 
further purify it from any succinic acid present. Cuitraconic anhydride 
(Kahlbaum pure) was fractionally distilled under reduced pressure and 
a constant boiling fraction collected for use. 


Results. 


The results are given in Tables I, II and III, the symbols having the 
usual significance. The values for the electronic polarisation were calcu- 
lated from atomic refractivities given in I,andolt-Bornstein Tables. The 
values so calculated are in good agreement with the single determinations 
reported for citraconic anhydride® and for succinic anhydride.* On account 
of the high dipole moment values, there is a considerable influence of the 
dielectric constant of the solvent, and the calculated moments show a slight 
increase with temperature as is to be expected. 


TABLE I. 


Succinic anhydride. 
































seats 10° 20° | 30° 40° 
tion in mol. 
pation E | d E | d | & d E d 
0 | e249 | 1.0441 | 2-231 | 1-0331 2-213 | 1-022] 2-195 | 1-0112 

0-01195 | 2-532] 1-0479 | 2-501 | 1-0366 | 2-470 | 1-0252 | 2-440 | 1.0138 
0-01212 | 2-565 | 1-0479 | 2-532 | 1-0366 | 2-500 | 1-0252 | 9-468 | 1-0138 
0-01795 | 2-724| 1-05c0 | 2-686 | 1-0385 2-648 | 1-0270 | 2-609 | 1-0155 
0-03303 | 3-124 | 1-0541 | 3-070 | 1-0429 | 3-015 | 1-0317 2-961 | 1-0204 

me a B Proo = pt X 1078 

10 26-34 0+305 398-3 4-16 

20 25-40 0-300 391-8 4-20 

30 24-29 0-295 382-5 4-22 

40 23-15 0-285 370-9 4-22 


Pe = 20:3 





F. Anderlini, Gazz. Chim., Ital., 1895, 25 (ii), 142. 


6 Knops, Ann. d. Chem., 1888, 248, 175. 
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TABLE II. 
Phthalic anhydride. 
10° 20° 30° 40° 

Concentra- 
tion in mol. 
fraction | 
“ae E d E d E d E d 
0-00 2-299 0-8883 2-279 0-8776 2-259 0-8669 2-240 0-8563 
0-00684 | 2°577 0°8921 2-546 0-8814 2-515 0-8707 2-484 0-8601 
0-00966 | 2-710 0-8936 2-672 0-8830 2-633 0-8725 2-594 0-8620 
0-01044 | 2-732 2-693 2-654 2-615 
0-01270 | 2-819 | 0-8956 | 2-779 | 0-8850 | 2-738 0-8744 |; 2-698 0+8638 
0-01850 | 3-064 3-013 2-963 2-912 
0-02052 | 3-144 0-9004 3-088 0-8898 3-032 0-8791 2-976 0-8685 
0-02134 | 3-183 0-9006 3-124 0-9000 3-065 0°8793 3-006 0+8687 

PC. a B Prco =p X 1018 

10 41-35 0-582 622-9 5-21 

20 39-60 0 584 610-0 5-25 

30 37-82 0-589 595-4 5-27 

40 36-03 0-590 579-9 5-28 

Ps = 30-2 
TABLE ITI. 
Citraconic anhydride. 
10° 20° 30° 40° 
Concentra- 
tion in mol. 
fraction E d E d E | d E d 
0 2-297 0-8883 2-278 0-8778 2-259 0-8674 2-240 0-8570 

0-01601 2-737 0-8946 2-692 0-8841 2-647 0-8736 2-602 0-8632 
0-02046 2-858 0°8967 2-815 0-8861 2-771 0-8753 2-728 0-8645 
0-04653 
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Discussion. 

The simplest of the three compounds studied is obviously succinic 
anhydride, which has no double bonds in the ring, and can be regarded as 
an a.a.’ diketone of tetramethylene oxide. The moment for this compound 
has been determined by Smyth and Walls? as 1-71. In the following 
discussions we shall neglect the influence of the solvent on the measured 
dipole moments, and also consider the moment values as significant only 
to + 0-1 x 10-18 e.s.u. as in our present state of knowledge we are not 
even able to explain completely moments to this order of approximation. 
Now, the succinic anhydride molecule has a plane of symmetry about the 
bisectrix of the oxygen angle as shown in Fig. | :— 

0 





4 
Fig. 1. 
and as shown by the geometry of the figure the resultant of the two C =O 
by 
moments should lie along with the yo moment on this axis. The 
c 


value of the latter can be regarded to be the same as that of tetramethylene 
oxide, viz., 1-7. If tentatively we regard that there are no interaction 
moments between the components, and that the resultant moment 4-2 is 
only a vectorial sum of the components, then the contribution of the two 
¢C =O moments should be 4-2 — 1-7 =2-5. Since the value of the C =O 
moment is on the average 3-0, the inclination of the C =O groups to the 


axis of the molecule should be given by 2 x 3-0 cos @ = 2-5, f.e., by 


§ = 65°. This appears to be a probable value when a pentagon is drawn 
up with C — C distance as 1-54 A, C — O distance as 1-43 4, and the angles 





7 C. P. Smyth and W. S. Walls, Journ. Amer. Chem. Soc., 1932, 54, 3230. 
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at the two 8-carbon atoms in the ring being taken as 110°. 


explanation, however, does not fit in with many other facts. In t 


in tetramethylene oxide of 1-7. 


90°, then a consideration of Fig. 1 will show that the C =O links 
more inclined away from the axis and the contributions of the two 
moments in succinic anhydride will be far less than 2-5. Secondly 
in succinimide, and the moment of the latter should be about 3-0. 
the moment of succinimide as measured by Cowley and Partington® 


Cc 
authors for the \ 
ed 
cancel each other out. 
moments of succinic anhydride and imide is also found in the case of } 
anhydride and imide whose moments are 5-2 and 2-1 respectively. 
characteristic difference thus indicates that the 


moments 


the facts. 


It seems more probable that here, as in almost all other con 


C 
containing a C =O group adjacent to F 
C 
a system of conjugate links, there is an electromeric shift of electron 
Cc 
from *y 
cf 


and excited states of the molecule. 


O towards the C =O, as a result of resonance between 


Indeed, it would be a unique 
it were to be postulated that there is no resonance in this system 
pounds. A system which is to a certain extent closely analogous 


present case is provided in the diphenyl ethers, where there a 


atom directly attached to two carbon atoms in a _ katio-enoid 


moments of diphenyl ethers and their substituted compounds, t 
oxygen angle in them is 128° + 4°, and thus definitely 





SE 


9 


. G. Cowley and J. R. Partington, Journ. Chem. Soc., 1936, 47. 
L. E. Sutton and G. C. Hampson, Trans. Farad. Soc., 1935, 31, 945. 








explanation based 
a simple vectorial addition of normal group moments does not represent 


more than 
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Such a simple 


he first 


instance, for the geometric configuration assumed, the oxygen angle comes 
out as 130°, an angle much too large to account for the observed moment 
If on the other hand the oxygen angle is 
of the order of magnitude to be expected for this moment, 7.e., approximately 


will be 
c=O 
, if this 


difference is really due to the two C = O groups, it should also be the case 
Actually, 


is only 


1-54, a value which is very nearly the same as that computed by the same 
NH group, thus suggesting that the two C = O group 


This marked difference between the 


»hthalic 
This 


on 


1pounds 


O or separated from it only by 


density 
nornial 
case if 


of com- 
to the 


fs 


system. 


Sutton and Hampson® have recently argued from a close analysis of the 


hat the 


the 





190 M. A. Govinda Rau and N. Anantanarayanan 


tetrahedral oxygen angle 109° in other ethers. This increase in angle is 
explained by them on the ground that there is a resonance of type I 


FY 
$2 fa. 


G ? 


or more probably II A and B. 


A 2 II G B 


Further, when the energy of formation of succinic anhydride is com- 
puted from the heat of combustion (EF = 52-5 e.v.) and compared with the 
calculated value for the same (E’ = 50-8 e.v.) using Pauling’s!® data for 
bond energies, there is a difference of 1-7 e.v., representing an appreciable 
resonance energy. An almost identical value for the resonance energy is 
also obtained for succinimide: in this cempound moreover the imide 
hydrogen is quite acidic, representing thereby that the nitrogen atom is 
positively charged on account of the electromeric shift of electrons away 
from it. 

Having thus postulated resonance in these molecules, the immediate 
question is, as to the relative orientation of the moment of the excited 
structures. In succinic anhydride and imide the moment of the excited 


Cc 
states must be in the opposite direction to that of yo moment. On 
Cc 


Cc 
account of the symmetry of the molecule about the axis of Nc ), the result- 


og 


ant moment of the excited states must also be along this same axis, and 





10 [,, Pauling and J. Sherman, Journ. Chem. Physics, 1933, 1, 605. 
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Os =9O 


Sr ®B _o 0 RS 


\ 
4 


according to scheme II. From these consideraticns the magnitude of 

this excited moment comes out as 4-2 + 1-7 =5-9, a remarkably high 

value. In succinimide, the value for this moment does not appear to be 

so large. The calculations are a little complicated here as the resultant 
Cc 

moment of the imide group N — H is not in the plane of the ring. 
SK 

Partington’s calculation of the moment of this group as 1-6 is not very 

convincing inasmuch as the observed moment for piperidine!! and also for 

diethyl amine are both 1-2, and in either of these compounds there is very 

little strain or resonance. As the observed moment for succinimide is 1-5, 


which is nearly the same as that for N — H bond, it is probable that what- 


Cc 

ever normal moment there is along the axis of Ny, 1.€., approximately 
7 

1-0, it is compensated by the “ excited ’’ moment. 

The difference between the moments of phthalic anhydride and succinic 
anhydride is of the same order of magnitude as that between phthalimide 
and succinimide, the latter being the smaller. The rise in moment on the 
fusion of the phenyl to the anhydride ring is 1-0 in the former case, arid 
0-6 in the latter. Since in both cases the moment has increased, the 
additional moment must be in the same direction, that is, towards the 
phenyl nucleus. This would mean in other words that there is an 
electromeric shift of electrons towards the phenyl nucleus. Such a 
postulate is in consonance with the increased anionoid reactivity of the 
benzene nucleus in phthalic anhydride towards kationoid reagents such as 
halogens, nitric acid and sulphuric acid. It is interesting to note in this 
connection that although the predominant sense of electremeric shift in 
benzoic acid is away from the ring, there is also a weak shift towards the 





11M. A. Govinda Rau and B. N. Narayanaswamy, Zeit. Physikal Chem., (B), 1934, 
26, 42. 
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ring as is evidenced by the formation of ortho and para derivatives. In| 
the dibasic phthalic acid the nucleus should be even less reactive than in? 
benzoic acid and indeed, sulphonation is very difficult in this compound, 
while nitration and other reactions are also considerably hindered as com 7 
pared with the reactivity in phthalic anhydride. ; 

The moment of citraconic anhydride was measured as an intermediate @ 
case between succinic and phthalic anhydrides. Maleic anhydride would] 
be the ideal substance to work with, but as a sample of citraconic anhydride? 
was readily available, measurements were made on this substance in the@ 
hope that the presence of a methyl substituent would not preduce any] 
marked difference. As expected the moment is between the values for the 4 
other two compounds, but very much nearer to that of succinic anhydride, 7 


‘his is in agreement with our thesis that there is an electromeric shift away 
Cc 


from the Fa grouping, as otherwise the moment of citraconic anhydride 
€ 


would be appreciably more and nearer to that of phthalic anhydride. 
Summary. 


1. The moments of phthalic, citraconic and succinic anhydrides have 
been measured, the first two in benzene as solvent and the last in dioxane, — 
The moment values at 20° C. are respectively 5-25, 4-27, and 4-20x 10-18 
€.$.U. 

2. The moment values are considerably high compared with the 
moments of the corresponding compounds phthalic and succinic imiides, 

3. The moments are interpreted as due to a strong resonance structure, 


which reverses the normal direction of moment to be expected from 
vectorial addition. 
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